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For Effective, Economical 
Waste and Sewage Treatment, 


| Specify... 


Designed and built especially for sewage and 
industrial waste treatment, Chicago Sewage 
Equipment gives you the performance and de- 
pendability that only specifically engineered 
equipment can offer. Years of use in plants all 
over the country have thoroughly demonstrated 
the soundness of Chicago operating principles. 
Constant refinements in design and application 
by our engineering staff assure you of up-to-date, 
efficient treatment. There are a few of the rea- 
sons why Chicago Sewage Equipment is repeat- 
edly specified by over 95% of active consulting 
engineers. 
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small, settleable solids without removal from 
the channel. They bring the advantage of 
COMMINUTION to sewage treatment plants, 
pumping stations and out-fall sewers regard- 
less of the shape of the influent channel. 


Barminutors cut coarse sewage matter into > 


cx 


Clean, continuous disposal of 
¢ coarse sewage — without re- 
moval from the channel — is 
provided by the Comminutor. All 
coarse material is cut into small, 


easily settleable solids. 2,500 in 
service. 


Swing Diffusers are the most economical and 
have the highest aeration capacity of any 
diffusion system. Simple regulation provides 
wide flexibility for all kinds of waste and 
sewage treatment. Individual units easily 
cleaned without taking tank out of service. 
300 installations. 


Scru-Pellers chop all coarse 
and stringy material into 
small pieces that cannot 
clog or slow the pump. 
Simple design assures long 
life and positive pumping. 
8,000 in use. 


Flush-Kleen impellers handle only strained sewage. 
Strainers are backwashed by pump cycle for reliable, 
clog-proof operation. Over 12,000 in service. 
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Builders Model VTS4 Short Venturi Tube with continuous 
flushing system for metering solids-bearing liquids. 


BUILDERS Builders offers a unique service to 
CHRONOFLO SYSTEM 


= sewage and industrial waste treatment 
for electrical transmission of flow 


information over any distance. . . 
Bulletin 230-%24. plants — the complete line of equipment 


BUILDERS VTS4 for metering liquid flows . . . from the 
SHORT VENTURI TUBE 


Venturi Tube in the pipe line to the 


te, low | f head, 
Chronoflo metering instrument in the 


control panel. Find out about Builders 
BUILDERS CONTINUOUS ‘ 
eeMeene System metering “packages”. For Bulletins, write 


eliminates manual cleaning, Builders-Providence, Inc., 368 Harris 
improv ri fFici . Bul- 
letin 110.G1.. Avenue, Providence 1, Rhode Island. 


BUILDERS-PROVIDENCE 


DIVISION OF B-I-F INDUSTRIES, INC. 


BUILDERS FOUNDRY © PROPORTIONEERS, INC. © OMEGA MACHINE CO. RIF 
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SOME FACTS 
ABOUT 

THE 

HEAT DISPOSAL 


SEWAGE SLUDGE 


Even though dried sewage sludge can often be sold at from 
$5.00 to $20.00 a ton — remember that is not a/ways the case. 

If sewage is contaminated — with grease, fibre, etc., for 
example — you may find the on/y thing to do is to incinerate 
the sludge. On the other hand, even though the sludge may 
not have the highest chemical analysis for fertilizer — it still 
can be marketed as a soil conditioner — thereby eliminating 
the ash disposal problem. 


The C-E Raymond System of Flash Drying and Incineration is the most popular . . . most 

versatile on the market today. That’s why you will find a C-E Raymond System to 

provide one or all of the following processes . . . controllably, accurately, economically: 


Flash Dry sludge. 

Flash Dry and Deodorize. 

Flash Dry and Incinerate. 

Flash Dry, Incinerate and Deodorize. 
Incinerate only. 

Incinerate and Deodorize. 


Flash Dry and Deodorize in conjunction with refuse and 
garbage incineration — plus incineration of sludge if 
desired. 


C-E Raymond Systems now in service or on order serve 
an equivalent population of more than 17,000,000 people 
— in communities ranging from 6,000 to 3,600,000 in 
population . . . in every section of the country, and even 


COM BUSTION overseas. 


Whatever your requirements — there is a C-E Ray- 

ENGINEERING mond System that will satisfy them precisely. Let one 

of our engineers show you or your consultants how this 
leading system of sludge disposal will work for you. 

B-772A 


Raymond Division 


1315 North Branch Street, Chicago 22, Illinois 
Eastern Office: 200 Madison Ave., New York 16, N. Y. 
Western Office: 510 W. Sixth St., Los Angeles 14, Calif. 


ALSO FLASH DRYING AND INCINERATION SYSTEMS FOR INDUSTRIAL WASTE DISPOSAL 
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MEMBER ASSOCIATION MEETINGS 


Association 


Kentucky-Tennessee Industrial 


Place 


Andrew Jackson 


Wastes and Sewage Works Assn. Hotel, 


North Dakota Water and 
Sewage Works Conf. 


Georgia Water and 
Sewage Assn. 
Missouri Water and 
Sewage Conf. 


South Dakota Water and 
Sewage Works Conf. 


Nashville, Tenn. 


Hotel Dakota, 
Grand Forks, N. D. 


Georgia Institute 
of Technology, 
Atlanta, Ga. 


Hotel Governor 
Jefferson City, Mo. 


Lawler Hotel 
Mitchell, So. Dak. 


Time 


. 20-22, 1954 


. 22-24, 1954 


. 22-24, 1954 


. 26-28, 1954 


. 28-30, 1954 


TWENTY-SEVENTH ANNUAL MEETING 


Federation of Sewage and Industrial Wastes Associations 


in conjunction with 


Ohio Sewage and Industrial Wastes Treatment Conference 
Netherland Plaza Hotel, Cincinnati, Ohio 


October 11-14, 1954 


Pacific Northwest Sewage 
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Canadian Institute on 
Sewage and Sanitation 
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Industrial Wastes Assn. 


Rocky Mountain Sewage 
Works Assn. 

Florida Sewage and 
Industrial Wastes Assn. 
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and Industrial Wastes Assn. 


West Virginia Sewage and 
Industrial Wastes Assn. 


Nebraska Sewage and 
Industrial Wastes Assn. 


Oklahoma Water, Sewage and 
Industrial Wastes Conf. 


New York Sewage 
and Industrial Wastes Assn. 


California Sewage and 
Industrial Wastes Assn. 


Hotel Eugene 
Eugene, Oregon 


Windsor Hotel 
Montreal, P. Q. Can. 


Hotel Stratfield, 
Bridgeport, Conn. 


Broadmoor Hotel, 
Colorado Springs, 
Colo. 


Sorrento Hotel, 
St. Petersburg, Fla. 


George Vanderbilt 
Hotel, 
Asheville, N. C. 


. 21-23, 1954 


. 25-27, 1954 


. 28, 1954 


. 8-10, 1954 


. 810, 1954 


. 8-10, 1954 


Hotel Prichard, . 9-10, 1954 


Huntington, West Va. 


Keystone Hotel, Nov 
McCook, Nebraska 


Student Union Bldg., Nov 
Stillwater, Okla. 


Hotel Belmont Plaza, Jan. 


New York, N. Y. 


. 11-12, 1954 


. 15-20, 1954 


20-21, 1955 


Mission Inn, April 27-30, 1955 


Riverside, Calif. 
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SEWAGE TREATMENT EQUIPMENT 


Yeomans Brothers Company manufactures a complete line of equipment for both primary 
and secondary sewage treatment. Only Yeomans gives ‘‘one responsibility’’ service for the 
manufacture of equipment for both trickling filter and activated sludge treatment systems. 


CLARIFIERS 

Spiraflo Clari- 
fiers. Highest 
B.O.D. and sus- 
pended solids re- 
ductions at low- 
est cost. Un- 
biased tests by 
sanitary authori- 
ties show remov- 
als of more than 
percent sus- 
pended solids and 
15 percent B.O.D. 
in primary Spiraflo Clarifiers. 

Streamline’ Sludge Collectors. Drag line 
type. Available with surface skimming and 
sludge collection for primary tanks and with 
sludge collection alone for secondary tanks. 

Center Drive Clarifier. Conventional type 
in two sizes for small tanks up to 50 ft. 
diameter and larger tanks over 50 ft. diam- 
eter with or without surface skimming. 

TRICKLING FILTER SYSTEMS 

There is a Yeomans design of proved 
superiority for every biological filtering plant 
requirement. 

“ Aero-Filter”. 
A high capacity 
biological trick- 
ling filter utiliz- 
ing the Halvor- 
son-Smith proc- 
ess. Recircula- 
tion for dilution 
purposes is NOT 
required. Single- 
stage operation 
produces raw 
sewage B.O.D. 
reductions of 85 
percent and greater: two-stage operation 
vives results comparable to activated sludge 
treatment at lower cost with raw sewage 
reductions from 90 to 94 percent. 

Standard Rate Distributors — Distribute 
evenly across entire filter bed; non-clogging 
flat spray nozzle produces a fine well aerated 
spray which carries down large quantities of 
oxygen. Yeomans ‘‘Leveler” permits correc- 
tion of several degrees without dismantling. 

“Water-Wheel”  Distributor—Simple and 
positive in operation at all flows and even at 
lowest rates. Rotating distributor arm se- 
cures even distribution. 

Sewage Treatment Plants— 
Complete low-cost installations for small 
communities, outlying housing developments 
and individual industrial plants. Ttilizes 
the Spiragester, a Yeomans design which 
performs the functions of both primary 
clarification and digestion and meets the 
needs of primary treatment in a single 
structure. 


For individual bulletins and detailed infor- 
mation call your local Yeomans Representa- 
tive listed in the Yellow Pages of your tele- 
phone book under ‘“‘Pumps,”’ or write direct 


ACTIVATED SLUDGE SYSTEMS 

Hi-Cone Mechanical Aerator produces an 
ideal balance of intense surface aeration and 
rapid circulation to support high concentra- 
tion of rich acti- 
vated sludge and 
secure intense 
biological oxida- 
tion of the sew- 7g; 
age. Hi-Cone will &! 
treat at least 50 & 
percent more .* 
sewage than old ° 
type cones in the 
same size aeration tank with no increase in 
power consumption, secures better B.O.D. 
reduction than diffused air plants in the same 
aeration period, gives circulation three times 
greater; tank contents completely circulated 
approximately every five minutes. 

Sludge Digester Mechanisms for use with 
circular fixed cover sludge digestion tanks. 
Provide complete facilities for scum break- 
ing, sludge concentration and collection of 
digester gas. Two types for large and small 
installations. 

Non-Clog CENTRIFUGAL Sewage Pumps 

Yeomans builds non-clog pumps of both 
horizontal and vertical types for every need. 
Capacities of 50 to 24,000 g.p.m. operating 
against heads of 10 ft. to 130 ft. and higher. 


PNEUMATIC SEWAGE EJECTORS 


Recommended for handling sewage flows 
where gallonages are limited but solids are not. 


SHONE® Pneumatic Ejector 

The simplicity of design and the positive, 
completely mechanical operation have en- 
abled the SHONE to give almost unbeliev- 
able records of service. It cannot clog; it 
has ample excess capacity; there is no septic 
action, no odor, no gas. It operates with 
compressed air, gases or steam; there is 
nothing to get out of order and it requires a 
minimum of attention. 

Exrpelsor Sewage Ejector, a simple device 
which fills all pumping needs in smaller 
waste removal systems. 

Packer Pneumatic Sewage Ejector, a factory- 
assembled unit ready for inlet and discharge 
connections. 

@® Registered Trademark. 


YEOMANS BROTHERS COMPANY 
1999-7 No. Ruby Street, Melrose Park, Ill. 
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There’s no customer 


atta 
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Ewing Galloway 


This is Detroit — 
the Automotive 
Capital of the 
World. 


Old print showing Detroit about a 
century ago, from? the Canadian 
side of the river. 


Bettmann Archive 
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like an old customer! 


DETROIT installed cast iron 
water mains 116 years ago... 
and instalis them today! 


When you have customers with an unbroken 
record of buying your product for over a 
century, you naturally prize them. They’re 
scarce in any long-established business or 
industry. The cast iron pressure pipe industry 
is proud to have 60 such customers—utilities 
that have been buying cast iron pipe for 

water or gas mains for 100 years or more. 


Cast iron pipe has been a rugged, long-lived 
product from the earliest days. Today’s 
modernized cast iron pipe, centrifugally cast, 
is even stronger, tougher, and more uniform 
in quality. And, where needed and specified, 
it is centrifugally lined with cement mortar 

to assure sustained carrying capacity 
throughout the long life of the pipe. 


Cast Iron Pipe Research Association, Thos. F. One of several cast iron water 


Wolfe, Managing Director, 122 So. Michigan distribution mains still func- 
Ave., Chicago 3. tioning in Detroit after a cen- 


tury and more of service. 


— 
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SIMPLEX VALVE & METER COMPANY 


Reliable equipment for 


accurate measurement and control 


6719 UPLAND STREET, PHILADELPHIA 42, PA. 


WRITE FOR 
CATALOG 004 


For accurate measurement of hot or cold 
water, gases, sewage, sludge or trade wastes 
under wide ranges of pressures. Flanged, 
bell, or spigot ends in any size or design 
. .. Cast-iron, cast steel or steel plate, 
bronze, or combinations. 


PARABOLIC FLUMES . 


WRITE FOR 
BULLETIN 800 


Specially designed to measure sewage, 
sludge, and trade wastes under low heads 
or open flow. Can be used for indicating, 
or with meter to record and totalize. Sim- 
ple to install. Full 20 to 1 flow range. 
Flanged, bell or spigot inlet in 6” to 36” 
standard pipe sizes. 


WRITE FOR 
BULLETIN 1000 


Indicate and/or record essential data on 
rate of flow, loss of head, sand expansion, 
water level, etc. Attractive units with easy 
to read dials. Floor stand mounting—or 
Operating Tables for convenient central- 
ized control. 


ELLIPTICAL VENTURI TUBES 


WRITE FOR 
BROCHURE 


Developed specifically for accurate meas- 
urement of low velocity sewage, sludge or 
heavily laden trade wastes—flowing under 
low pressure conditions. Flat top prevents 
air binding! Flat invert is self-scouring! 


PITOT EQUIPMENT 


WRITE FOR 
BULLETIN 1300 


Leaks and line breaks are quickly located 
with Simplex pitot rods, manometers and 
recorders. Light-weight, compact design 
makes them truly portable. Invaluable for 
overall survey of your distribution system's 
efficiency. 


CONTROLLED CLOSING VALVE 


WRITE FOR 
BROCHURE 


Prevents surge and water hammer damage 
when filling larger size pipe lines. Controls 
speed of line closure, vents air and, if 
necessary, discharges water to prevent 
damage. Admits air to protect against pipe 
collapse from line breaks. 


SIMPLEX VALVE & METER COMPANY 
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TYPE MO METERS 
Most accurate inferential 
type instrument for 
water, sewage, sludge, 
industrial liquors. Indi- 
cates, records, totalizes. 
Measures within +2% 
over ranges up to 20 to 
1. Easy-to-read, evenly- 
spaced rectangular chart. 
Wall, floor stand, or 
panel mountings. 


WRITE FOR BULLETIN 500 


moving parts. 
WRITE FOR BROCHURE 


AIR RELEASE VALVES 


Vent air accumulations to 
eliminate binding at high 
points, increase pumping 
efficiency. Simple, rugged 1” 
and 2” sizes for up to 250 
psi. Special valves available 
for up to 800 psi. 
WRITE FOR BULLETIN 1200 


SLUDGE CONTROLLERS—Accurately control flow 
of sewage, sludge, trade wastes. Most ac- 
curate primary device, a Simplex Venturi 
Tube, has a special throat section of flexible 
rubber—measures as it controls! Motor- 
driven clamp adjusts throat... keeps flow 
at control point. Viscous flows contact no 


* FLOW REGULATORS 
* INSERT-TYPE VENTURI TUBES 
* TAILOR-MADE MEASUREMENT & CONTROL EQUIPMENT 


SIMPLEX VALVE & METER COMPANY 


REMOTE TRANSMISSION 


"PNEUMATIC — New Simplex 


Laminair® is fast and ac- 
curate. Permits centraliz- 
ing instruments in main 
control panel away from 
primary devices. 


ELECTRIC — New Simplex 
Orthoflow® transmits data 
over in-plant circuits and 
leased telephone channels. 
Accuracy within +2% 
for ranges up to 20 to 1. 


WRITE FOR BROCHURE 


AIR INLET VALVES 


Prevent collapse of thin- 
walled pipes from sudden 
pressure drops in gravity 
lines. Simple, reliable float 
control quickly admits air 
to break vacuum. Available 
in 4” to 10” sizes. 


WRITE FOR BULLETIN 1202 


RELATED SIMPLEX® EQUIPMENT 


* LARGE DIAL GAUGES 
* SPECIAL VALVES 


TYPE H METERS 
Mercury - float 
type indicating, 
recording and 
totalizing unit. 
Gives +2% accuracy at any 
point for flow ranges up to 13 to 
1. Evenly spaced scales make ac- 
curate readings easy. Wall, panel, 
or floor stand mounting. 


WRITE FOR BULLETIN 401 


FLOW RATE CONTROLLERS 


TYPE $ FLOW 
CONTROLLERS 


Keep flow constant despite changes in 
head of filter effluent or wash water. Con- 
trol within +3% over 5 to 1 range. Ex- 
clusive balanced guillotine valves quickly 
respond to slightest change. Standard sizes 
from 3” to 24”. 


WRITE FOR CATALOG 004 


SIMPLEX AIR RELEASE & INLET VALVES 


COMBINATION 
INLET-RELEASE VALVE 


One compact unit with a 
2” connection does work of 
two separate valves! High 
discharge and inlet capaci- 
ties. Invaluable for venting 
large quantities of air when 
filling systems. 
WRITE FOR BULLETIN 1203 
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SEWAGE AND INDUSTRIAL WASTES 


Just as no two sets of finger prints are ever alike, so, too, 
are all sewage and waste treatment problems different. 
\\\\ Velocities, head loss, capacities, site conditions, tank or 
\\ chamber hydraulic conditions, and many other factors vary 
\\ from plant to plant. That is why we at Chain Belt have 
AINA \\ \ no standard answer to a treatment problem. We study each 
Rex Mechanically application carefully, and from our broad background of 
Cleaned Bar Screens experience recommend the type and size of equipment you 
and Triturators need for most efficient, economical results. From 
eae the broad range of Chain Belt Sewage and Waste 
Treatment Equipment, we select the exact units that 
can be best adapted to your particular conditions. 


So, don’t just specify equipment. Ask your nearest 
Rex Sanitation Engineer to work with you to 
assure the results you want, or write direct to 
Chain Belt Company, 4606 W. Greenfield Avenue, 
Milwaukee 1, Wisconsin. 


Rex Roto-Skim Revolving Pipe Rex Verti-Flo® Clarifiers 
Skimmers 
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Rex Grit Collectors 


Rex Conveyor Sludge Collectors 


Rex Tow-Bro Sludge Remover 


trict sales offices in all principal cities... 
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SEWAGE AND INDUSTRIAL WASTES 


For trouble-free, low cost 


measurement of — 


SEWAGE 
INDUSTRIAL WASTES 
SLUDGE 
IRRIGATION WATER 


BAILEY 


OPEN CHANNEL METERS 
Offer These Advantages: 


1. Easy to Install 


2. Retain Accuracy 

3. Self-Cleaning 

4. Adjustable Capacities 

5. Totalize Multiple Flows 

6. Chemical Feed Control 

7. Flow and Ratio Controls 
Ask for Bulletin 62 


MU22 


BAILEY METER COMPANY 


1066 IVANHOE ROAD °* CLEVELAND 10, OHIO 
METERS and CONTROLS for SEWAGE and WATER 


VENTURI TUBES, FLUMES, WEIRS, NOZZLES, ORIFICES * DIRECT MECHANICAL AND REMOTELY 
LOCATED REGISTERS * AIR-OPERATED, ELECTRONIC AND ELECTRIC CONTROLS. 
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VISIT OUR BOOTHS 55-56 — SEWAGE WORKS AND INDUSTRIAL WASTES CONVENTION — CINCINNATI, OHIO — OCTOBER 11-14 


Little Miami Sewage 
Treatment Plant is first 
in Cincinnati's four-step, 
$50 million program to 
prevent pollution of the 
Ohio River 


It’s LINK-BELT collectors and mixers 
at Cincinnati’s new sewage treatment plant 


_ the 900-mile Ohio River is the water supply 
as well as waste outlet for many communities in the 
eight states bordering it, Cincinnati's sewage disposal 
problems had to be resolved with consideration for down- 
stream cities. Havens and Emerson, Cleveland consulting 
engineers, chose Link-Belt mixing-settling equipment. 


The outcome: a treatment system designed for almost 
complete removal of settleable solids . . . 45 per cent 
removal of total suspended solids, estimated at 250 parts 
per million .. . 65 per cent B.O.D. reduction of raw sew- 
age with 270 parts per million. While present flow is 18 
mgd, actual capacity is 29 mgd, expected to be reached 
about 1980. 


Link-Belt Straightline mixers and collectors in floc- 
culation compartment (foreground) combine to 
provide maximum solids removal in shortest time 
Link-Belt 30 and 48-in. belt conveyors are also 
In both breadth of equipment line and depth of ex- used in processing sludge. 
perience, Link-Belt is well qualified to handle your sew- 

age treatment requirements—be they large or small. Our 

sanitary engincers will be glad to work with your en- 

gincers, chemists and consultants to provide the finest in 

modern water, sewage or industrial liquids treatment. 


LINK-BELT COMPANY: Executive Offices, 307 N. Michigan Ave., 
Chicago |. To Serve Industry There Are Link-Belc Plants and Sales 
Offices in All Principal Cities. Export Office, New York 7; Canada, 
Scarboro (Toromto 13); Australia, Marrickville, N.SW.; 

Africa, Springs. Representatives Throughout the World. 13.6 


] 
SANITARY ENGINEERING EQUIPMENT is 
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SEWAGE AND INDUSTRIAL WASTES 


IMCO TWO PIECE SEWAGE FILTER TILE 


Engineer's preference due to— 
MAXIMUM AERATION 
MAXIMUM STRENGTH 


MAXIMUM CHANNEL DISCHARGE 


GUARANTEED CLEAN CHANNELS 


with clam shell loading of stone from the 
beginning of stone placement 


Write for Catalogs or a 


| INDUSTRIAL MATERIALS COMPANY 
| "IMCO” 


Somerset Street & Trenton Avenue 
Philadelphia 34, Pennsylvania 
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SEWAGE AND INDUSTRIAL WASTES 


THIS SHAPE re solved city’s 


sewer problem 


The problem was to enclose an open storm sewer, yet retain 
adequate waterway under limited headroom, A single round 
pipe of the right capacity would not fit the headroom, and a 
multiple installation of smaller pipe would add to the expense. 

The solution was Armco Pipe-Arch, a single structure that met 
both the water capacity and headroom requirements. 

There's a type and size of Armco Corrugated Metal Structure 
for almost every municipal sewer need. Standard Corrugated 
Pipe and Pipe-Arch meet normal service conditions. Where 
severe corrosion is a factor, you can specify Armco ASBESTOS- 
Bonpeb. It withstands acidic as well as alkaline wastes. Armco 
PAVED-INVERT will guard against erosive flow. 

For larger sewers there is Armco MULTI-PLATE Pipe or 
Pipe-Arch. Write for complete data. 

Armco Drainage & Metal Products, Inc., 
1984 Curtis Street, Middletown, Ohio. 
Subsidiary of Armco Steel Corporation. 


Armco Sewer Structures 
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SEWAGE AND INDUSTRIAL WASTES 


made from the only TIME-TESTED MATERIAL 


When considering air diffusers, these facts 
are worth keeping in mind: Of the many aera- 
methods and materials tried since the 
discovery of the activated sludge process (in 
1915), only one has stood the test of time. 
Only porous ceramic diffusers have been used 
with continued success. And more installa- 
tions have been made with ALOXITE aluminum 
oxide diffusers than all makes combined. Hun- 
dreds are still operating — many after over 
20 years’ service. 

The inherent advantages of ALOXITE dif- 
fusers are: (1) A highly uniform grain 
structure. This assures uniform, small-bubble 
diffusion, and, consequently, optimum absorp- 
tion. (2) A smooth, low-resistance surface. 


tion 


The glass-like ceramic bond that coats each 
grain minimizes pressure loss or clogging. (3) 
Permanent resistance to corrosion. (4) Adapt- 
ability to practically all cleaning methods. 
(5) Great strength and ruggedness. 

ALOXITE diffusers are available in plate or 
tube form, and in a full variety of grades. 
This permits maximum flexibility of design. 
It also lets you select the exact grade for opti- 
mum diffusion, (consistent with air supply 
quality, pressure loss characteristics, and over- 
all life). This is particularly 
important since the intro- 
duction of the oxygen ab- 
sorption test. 


Write for free 56-page booklet. 


CARBORUNDUM 


Registered Trade Mark 


Dept. N-94, Refractories Div. 


The Carborundum Co., Perth Amboy, N. J. 
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SEWAGE AND INDUSTRIAL WASTES 


YOUR WASTE LINE 


 Sediflotor 


Trade-Mark 


CLARIFIER 


will help you REDUCE 


your WASTE instead 
of your PROFIT 


Learn how the “SEDIFLOTOR” 
Clarifier can help you 

streamline your waste water 
handling . . . with IMPORTANT 
SAVINGS to you. This coupon can 
bring details . . . quickly. 


INFILCO INC. B 7 ucson, Arizona 
Plants ra Chicago and Joliet, Illinois 


Field offices in 33 principal cities 
in the U.S., Canada and Mexico. 


INFILCO INC., P. 0. Box 5033, Tucson, Arizona 
(J Send me more information on the “SEDIFLOTOR” 
Clarifier Bulletin 6051-S. 

(_] Please have an INFILCO field engineer call 


Nome 


Title. 


Firm 


Address 
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SEWAGE AND INDUSTRIAL WASTES 


how much does 
run the old model 


Even if you bought new today one of the old model chlorinators, you can 
actually scrap it right now and save money! 


How can such a thing be? 


In hundreds of installations using F & P Chlorinators it has been proven 
conclusively that costs of operation and servicing are so much lower than 
old style chlorinators that it actually costs money right from the first day 
of operation to have an old style chlorinator 


Fischer & Porter designed this new chlorinator right from the floor up 
New materials are used throughout to make it impervious to corrosion 
Encased in a fibre-glass cabinet, the new F & P Chlorinator handles chlorine 

in fully enclosed, tightly sealed, corrosion resistant pipes and compo- 
nents. It 1s the best, safest, most efficient, easiest operating chlorinator 
ever devised 


Right from the purchase price you save money on an F & P Chlorinator 
And you save money every day thereafter, because you have less mainte- 
nance cost, less chance of breakdown with sky-high service charges, no 
need for multiple reserve units or scores of spare parts, no wasted chlorine 
gas lost through water seals. 


As a top municipal official, as an ethical consultant, as a practical operating 
man—you must admit if all these things we say are true, you can't afford to 
ignore this new chlorinator. 


It won't cost you a single penny to get the facts about the F & P Chlorinator, 
It will obligate you in no way. Why not write today? 


FISCHER & PORTER CO. 


°T.M., F&P Co. 694 Fischer Road, Hatboro, Penna. LA-1005 
18 YEARS EXPERIENCE SUCCESSFULLY MANUFACTURING CHLORINE FLOW METERING EQUIPMENT 
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SEWAGE AND INDUSTRIAL WASTES 


PROOF QUALITY 


QC Ff Cylindrical Plug Split-second control is important in the 
Valves resist the abrasive FIELDS. Quick quorier-turn shut- 

fects of solids in suspension. off of the A C f Valve positively reg- 

This CEMENT PLANT instal- | lates the flow of lading. 


lation has been in operation 
since 1949. 


QC f Lubricated Plug Valves seal-in 
loadings such as at this NATURAL GAS 
PLANT, aliow instant control with o 
minimum of maintenance. 


In SEWAGE DISPOSAL 
Full Pipe Area assures unobstructed ‘ 
flow. The shearing effect of the ia 
AC Cylindrical Plug quickly 
° i eliminates stoppages. 


C (a); Write for descriptive Catalog 4-S!I to 


Representatives in 50 Principe! Cities <> Pipe CT ACE CF Industries, Incorporated, Valve Division, 
150! or E. Ferny YPvenue, Detroit +1, Michigan. 
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SEWAGE AND INDUSTRIAL WASTES 


“VAREC’ Pressure 

Relief and Vacuum 

Breaker Valve with 

Flame Arrester — Fig. 

5800C — Relieves ex- 

cess pressures and 

vacuum in digesters 

TYPICAL INSTALLATION DIAGRAM and protects vessels 

7 from outside fires. 


7 | “VAREC” Explosion 
Relief Valve—Fig. 70 
3 UNIT — Relieves sudden 
MANOMETER surges in pressure 

va ee | from explosion or mo- 


hae mentary plant fluctuo- 
tions. 
"VAREC” Flame Trap 
pie Assembly — Fig. 450— 


Prevents flame propo- 
gation in piping. 


“VAREC” Waste Gas 
Burner —Fig. 236, 237 
or 238— Efficiently 
burns all excess gas. 


“VAREC” Flame Check 
— Fig. 51A or 52A— 
Prevents flashback 
from burner pilot or 
laboratory burners. 


“VAREC” Pressure Re- 
lief and Flame Trap 
Assembly — Fig. 440— 
Permits excess pres- 
sure to be wasted 
through gas burner 
and prevents flame 
flashback from burner. 


P q Ww i th “VAREC” Pressure Re- 


Symbols of Safety ra aro 


FOR GAS CONTROL THROUGHOUT YOUR 


“VAREC” Check Valve 
—Fig. 211 of 211A— 


SEWAGE TREATMENT PLANT Controls direction of 


gas flow. 


“VAREC” Manometer 
— Fig. 215, 215A, 216 
or 216A — Indicates 
system pressures. 


“VAREC” Drip Trap— 
Fig. 245 or 248. 


“VAREC” Sediment 
Trap — Fig. 230, 232 
or 233 — Keeps lines 


THE VAPOR RECOVERY SYSTEMS COMPANY ond tes from 
COMPTON, CALIFORNIA, U.S.A. 


$-10 Available from Authorized Sewage Equipment Agents throughout U.S. and Canada. 
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SEWAGE AND INDUSTRIAL WASTES 


Long-wearing 


INERTOL. PAINTS 


specified in Elmira, New York, plant 


Sparkling protection was afforded this big gas engine 
at Elmira’s Sewage Treatment Plant with Inertol 
Glamortex® Enamel. All surfaces were first primed 
with Inertol Quick-Drying Primer No. 626, a top- 
quality rust inhibitor which provides a perfect bond 
for the finish coats. 


Easy maintenance of this battery of sludge pump 
motors was achieved with Glamortex Enamel, Bat 
tleship Grey No. 331. This easy-to-clean paint stands 
up for years under abrasion, oil spillage and fre- 
quent cleaning. 


Inertol Paints meet precise requirement of plant 
designed by Nussbaumer, Clarke & Velzy 


For top protection, Elmira’s Sewage Treat- 
ment Plant needed paints that would provide 
lasting durability, elasticity and chemical 
resistance. That’s why Inertol coatings were 
chosen for this modern plant which was de- 
signed and constructed under the supervision 
of Nussbaumer, Clarke & Velzy. Inertol 
meets all these exacting requirements. For 18 
years, the city of Elmira has been using hun- 
dreds of gallons of Inertol Paints—bitumi- 
nous coatings as well as colored enamels. 


All over America, thousands of Inertol- 
painted installations speak for this paint’s 
economical and efficient superiority. What- 
ever your specific painting problem is, there's 
sure to be an Inertol coating to solve it. Ask 
to have your local Inertol Field Technician 
call. Or write for our free “Painting Guide.” 
It's prepared especially for Consulting Engi- 
neers, Specification Writers, Design Engi- 
neers and Plant Superintendents. Send for 
this valuable booklet today. 


INERTOL CO., INC. 


482 Frelinghuysen Ave. 
Newark 5, N. J. 


27H South Park 
San Francisco 7, Calif. 
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with 


Improved 
Clarification 


TROUBLE FREE CLARIFICATION as at the City of Los Angeles’ Terminal Island plant, is not surprising. In more 
than 155 Process Engineers Inc. clarifier installations in the past eight years, there has not been a single main 
bearing failure ...not one cent spent for repairs! 


Performance records like these prove the wisdom of investing in the superior design and construction quality 
of PEI equipment. 


Quality shows—in Process clarifiers, for example—in the drive unit bearings ... anti-friction, precision-made 
by bearing specialists, with a capacity four to six times the applied load! In the adjustable overload alarm 
and motor cut-off... vapor-proof, gas and water tight in a cast brass housing. Advanced design is evident in 
the improved feedwell that minimizes short-circuiting. In the arms and blades that sweep the tank bottom twice 
per revolution, and eliminate large accumulations on structural parts. 


*,..Not one cent for repairs’ reminds again that you get exactly what you pay for—and that Process Engineers 
equipment for modern sewage plants delivers the most. 


™ PROCESS ENGINEERS INCORPORATED 


Main Offices 
420 Peninsular Avenue 
San Mateo, California 
also 
- 6381 Hollywood Blvd., Los Angeles, California 


666 Washington Road, Pittsburgh, Pennsylvania 


» Request Bulletin #117 


illustrating equipment for Field Representatives 
Grit Separation DANA E. KEPNER 
Flotation 1921 Blake Street » Denver, Colorado 
Clarification J. W. DROKE & ASSOCIATES 
Pre-aeration ; P. O. Box 2525 « Carter Field Station 
* Acid Neutralizing Fort Worth, Texas 
; Oil Removal P. O. Box 1874 « Tulsa, Oklahoma 
€ Industrial Wastes 
, Water Purification G. A. FLEET COMPANY 
“ submit a HAROLD J. SPAEDER 175 Orawaupum Street COMPANIA MARX, S. A. 
or submit your problem for the handling 163 Forrest Blvd. White Plains, New York Apartado Postal Number 1494 


of suspended solids in liquids. Decatur, Georgia Mexico City D. F., Mexico 
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SEWAGE AND INDUSTRIAL WASTES 


Make use of the Unique Advantages of 
WELSBACH OZONE in Solving Them 


If the presence of phenolic compounds in indus- 
trial waste is a problem to you and your com- 
munity . . . and complete destruction is required 

. .. you should investigate—right now—the eco- 

nomical and dependable solution of that problem 

by low-cost Welsbach Ozone treatment. 

Investigations have shown that chemical oxi- 
dation with Welsbach Ozone can provide an 
economical and complete answer to the problem 
of removing phenols from industrial waste. 

In addition to its relatively low cost, Welsbach 
Ozone treatment offers other unique and im- 
portant advantages: 

1. Ozone-phenol reaction is instantaneous. End 
products are non-toxic. Objectionable tastes 
and odors do not reappear when water is 
chlorinated. 

. Welsbach Ozone gives collateral reduction 

in color, B.O.D. and C.O.D. 


Investigate W 


3. A Welsbach Ozone plant can be operated on 
a batch treatment or on continuous basis and 
can be made fully automatic. Ozonators and 
treatment vessels require very little space. 


. Welsbach Ozone is generated where it is used. 
No procurement problems. No freight, stor- 
age or materials handling expense. 


. Maintenance costs are negligible. And since 
the only raw materials needed are electricity 
and air or oxygen, operating costs are con- 
stant and predictable. 


. . . but, most of all, Welsbach Ozone is econom- 
ical, convenient and dependable. Write today for 
information and, if you wish, indicate the nature 
of your problem. The Welsbach Corporation, 
Ozone Processes Division, 1500 Walnut Street, 
Philadelphia 2, Pa. 
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ALUMINUM SULFA 


Save ave 
BTANDAS 


AL CHEMca, 
ALS OYE 


BER! 


GROUND “— 

RAL CHE 
GENES 
NEW YORK 
GENER AL CHEM 


MED CHEMICAL 


Among the many “Basic Chemicals for American Industry” 
which General Chemical produces, the following are widely 
used by the Water Industry. For your requirements, write or 
phone the nearest General Chemical office listed below. 


COAGULATION BOILER WATER 


Aluminum Sulfate, Standard Sodium Sulfate, Anhy. 
Aluminum Sulfate, Liquid Disodium Phosphate, Anhy. 
Ammonium Alum Trisodium Phosphate 
Potassium (Potash) Alum Sodium Silicate hemical | 
Sodium Silicate Sulfuric Acid 


FLUORIDATION CORROSION CONTROL 
Sodium Silicate 
Tetrasodium Pyrophosphote 


For Laboratory Analyses: 
Boker & Adamson 
Laboratory Reagents 


Sodium Fluoride 
Sodium Silicoftvoride 
For Other Uses: 
DECHLORINATION Glouber’'s Salt, Crystal 
Sodium Sulfite Aqua Ammonia 


Sodium Bisulfite, Anhy. Hydrochloric Acid (Muriatic) 
Sodium Thiosulfate Copper Sulfate 


GENERAL CHEMICAL DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 RECTOR STREET, NEW YORK 6, N. Y. 
Offices: Albany * Atlanta * Baltimore * Birmingham * Boston * Bridgeport * Buffalo * Charlotte * Chicago 
Cleveland* Denver* Detroit*Greenville (Miss.)* Houston® Jacksonville* Kalamazoo* Los Angeles* Minneapolis 
New York * Philadelphia * Pittsburgh * Providence * San Francisco * Seattle * St. Louis * Yakima (Wash) 
In Wisconsin: General Chemical Company, Inc., Milwaukee 
in Canada: The Nichols Chemical Company, Limited * Montreal * Toronto * Vancouver 
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IOWA PLUG DRAIN VALVES— 
either rising or non-rising stem type. High 


strength cast iron bodies; bronze 
stem, operating nut, disc ring and 
seat ring; rustproof steel bolts and 
nuts. Handwheels, extension stems, 
plain or indicating floor stands if 
required. 


AND INDUSTRIAL WASTES 


1OWA CHECK VALVES— 
Swing gate type for use in either 
horizontal or vertical pipe lines. 
Bronze trimmed throughout. Stain- 
less steel hinge pins. Leather or 
rubber faced gates, or solid bronze, 
as desired—aluminum gates avail- 
able for air service. 


1OWA MEDIUM AND LOW 
PRESSURE VALVES—either 
non-rising stem or outside screw 
and yoke types. Designed as care- 
fully as those conforming to 
A.W.W.A. specifications but with 
lighter construction for lower 
pressures. 


Whit Tovay fot 


1OWA FLAP VALVES—all 
iron; can be furnished with bronze 
hinge bolts or fully bronze mounted 
—including bronze bolts, flap ring 
and seat ring—when required. 


CLOW HYDROSTATIC RE- 
LIEF VALVES — commonly 
used in bottom of concrete tanks 
to prevent ground water from float- 
ing the tank. Close-grained cast 
iron body and lid; lead seat ring 
and lid ring. Cast iron grate in bot- 
tom prevents foreign matter from 
entering tank. 


SLUICE GATES—can be used 
in lines having both seating and unseat- 


IOWA SHEAR GATES—either all iron 
or iron, bronze mounted. Gate-seating 
wedges bolted on, permitting replacement 
without replacing frame. 


ing pressures. High strength cast iron, 
bronze mounted, with solid bronze adjust- 
able wedges. Can be equipped with cyl- 
inder or motor unit for automatic 
operation. 


| LOWA waive company 


For 45 years a reliable source for 
201-299 N. Talman Ave., Chicago 80, Illinois 
A Subsidiary of James B. Clow & Sons 
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SEWAGE AND INDUSTRIAL WASTES 


merican DESIGN FEATURES 


UNIFORM 
DISTRIBUTION 


/ EFFICIENT 
Beaming OPERATION 


| MINIMUM 
BRONZE BEARING 
oR 


PET COCK 
OW LEVEL 
INDICATOR 


OW SEAL 


Section Through Oil Seal 


U. S. Pat. No. 2,379,547 
Exclusive oil Seal 


cosily mercury, completely protects 
bearing surfaces, and will not 
blow out under excessive heads. 


Reaction Drive and Positive Drive 


ROTARY DISTRIBUTORS 


Hundreds of installations have proved the 
advantages of American Rotary Distributors. This approval 
by consulting engineers is based on economy of initial cost, 
structural strength and durability, superior liquid distribution, 
applicability to wide ranges of flow and available head, 
and minimum maintenance. Inherent design features reduce hydraulic- 
head losses to a minimum, and provide for maximum utilization 
of available hydraulic head in performance of useful work. Every oil 
seal unit installed has given excellent, trouble-free service! Available 
in a wide range of both Reaction-Drive and Motor-Driven 
Positive-Drive Distributors to meet all variations of actual field 
conditions—for rapid or standard rate waste filters, sand filters, 
or for water aeration. Utilize the experience of American engineers. 


For helpful data and design details, 
write for Technical Supplement RD 


AMERICAN-WELL Works 


of Sewage & Industrial 


Wastes Associations, IN OUR 86th YEAR Pumping, Sewage Treatment, ond 
Cincinnati, Oct. 11-14 110 North Broadway Water Purification Equipment 
AURORA, ILLINOIS RESEARCH - ENGINEERING - MANUFACTURING 


Cheago New York Cleveland Cincimmoti Komes City Soles Representatives hroughow the World 
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THE 1954 edition of G.E.’s 
dramatic color movie to be 


premiered at October meeting 
of the FSIWA 


General Electric’s full color, sound motion 
picture, CLEAN WATERS, which force- 
fully illustrates the dangers of water 
pollution, has been completely re-filmed 
and brought up-to-date. This public- 
service film points out the dangers to 
home, farm, and industry arising from 
polluted water sources, and outlines a 
permanent solution to the problem— 
modern waste treatment. 


The original film—first shown seven 
years ago—was viewed by more than one 
million people throughout the world and 
was nationally acclaimed by community 
and industrial organizations who utilized 
it in launching campaigns to clean up 
their water sources. 


This dramatic new edition of CLEAN 
WATERS can be an indispensable tool in 
helping you promote the increase of ade- 
quate sewage and waste treatment. It 
will be premiered at the annual meeting of 
the Federation of Sewage and Industrial 
Wastes Associations in Cincinnati, October 
11-14, as part of the official program. Be 
sure to see it. General Electric Company, 
Sect. 666-87, Schenectady 5, N. Y. 


More Power lo Umenrica, 


GENERAL @@ ELECTRIC 


SCHENECTADY 5, N. Y. 
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Carter Floating Covers 


FOR BETTER DESIGN AND ACCURATE CONSTRUCTION 


The excellent design and accurate con- 
struction of Carter sludge digestion equip- 
ment has earned the praise of Engineers 
and Field Men everywhere. Carefully laid- 
out and stress-analyzed ... then pre- 
assembled and match-marked at the fac- 
tory ... every Carter Floating Cover (such 
as the 100 ft. unit shown above) is built for 
swift, troublefree erection in the field — 
and perfect operation in the plant. 


Add to this, the Carter Heat Exchanger 
with its exclusive system of jacketed pip- 
ing. Here’s a heating system acclaimed, by 
many, as the most efficient yet devised for 
the temperature-sensitive digestion proc- 
ess. Plant Operators particularly like the 
freedom of arrangement between sludge 


tubes and boiler ... giving maximum 
convenience in location and greater acces- 
sibility in cleaning. 

And, of course, there’s a complete line 
of Underwriter’s Approved gas utilization 
equipment for any system of balanced 
digestion. 

Engineers have discovered that among 
the many advantages in specifying Carter 
equipment is the excellent service that 
goes with it. These men know that every 
Carter sludge digestion system includes 
not only the finest in equipment of its type 
. . . but also an interest by the Ralph B. 
Carter Company that extends beyond the 
sale to successful installation and opera- 
tion. 


Write Toda ‘or information or 
Ralph B. Carter Company assistance in a your re 


210 ATLANTIC STREET, HACKENSACK, NEW JERSEY 
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SEWAGE AND INDUSTRIAL WASTES 


5 miles of 


pipe...and 


f 


total infiltration is only.a trickle... 


With Transite’ Sewer Pipe 


THE REDUCTION of ground-water infiltration 
brought about by the Ring-Tite® Joint— now 
standard on all sizes of Transite® Sewer Pipe 
—can lead to a number of cost-saving results. 


For example, on one recently installed Ring- 
Tite System using 28,540 feet of Transite 
Sewer Pipe, in diameters of 6 through 18 
inches, the infiltration per inch of diameter, 
per hour, per mile of pipe, came to a mere 
0.85 gal. This low infiltration (including that 
from manholes and connections to house 
sewers) was achieved despite the fact that a 
considerable portion of this installation was 
below the prevailing ground water table. (For 
specification purposes, an infiltration allow- 
ance of 10 gallons per inch of diameter, per 
hour, per mile of pipe, may be used with 
Transite Sewer Pipe.) 


Obviously, such minimum ground-water in- 
filtration helps reduce the load on treatment 
plants, cuts down on treatment costs, and con- 
serves plant capacity for future expansion 
needs. This reduced infiltration plus Transite’s 
high flow capacity (Manning’s N=.010) often 


permits the use of smaller diameter pipe for 
new installations. 


For further information on how this Ring- 
Tite Joint, used with corrosion-resistant, as- 
bestos-cement Transite Pipe can help reduce 
your sewage costs, write Johns-Manville, Box 
60, New York 16, N. Y. Ask for folders 
TR-103A and TR-94A, 


Tells more about Transite 
asbestos-cement Sewer 
Pipe with Ring-Tite 
joints—for non-pressure 
service. Ask for 

Brochure TR-103A. 


Helpful to Engineers — 
Sewer Design Flow 
Chart Based on 
Manning Formula. Ask 
for Brochure TR-94A. 
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Aerial view of the Kansas City, Kansas Works, Fairbanks, Morse 
& Co., 3601 Kansas Avenue. 


trom Kansas City 


Yes, from our new, modern-as-tomorrow 
works at Kansas City, weserve the world’s 
need for pumps, engines and oil field 
equipment. 

As a major supplier of pumping equip- 
ment, it is particularly suitable that 
Fairbanks-Morse be located at an im- 
portant crossroads of the world... Kansas 
City. In this new plant 190,000 square 
feet of manufacturing space and a com- 


plete foundry occupying 150,000 square 
feet are devoted to bringing better service 
to our customers all over the world. 
Modern manufacturing, development 
and testing equipment backed by the de- 
sign, engineering and production skills of 
highly trained personnel combine to pro- 
duce products of unmatched quality . 
in performance, durability, economy. 
Fairbanks, Morse & Co., Chicago 5, II. 


FAIRBANKS-MORSE 


/ @ name worth remembering when you want the best 


PUMPS SCALES DIESEL LOCOMOTIVES AND ENGINES ELECTRICAL MACHINERY 
RAIL CARS » HOME WATER SERVICE EQUIPMENT » FARM MACHINERY » MAGNETOS 
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SEWAGE AND INDUSTRIAL WASTES 


AMERICAN : Pipe 


For Sewage Treatment Plants 


AMERICAN pipe serves equally well beneath crowded city streets or in 
sewage treatment plant installations like the one shown above. AMERICAN’S 
unexcelled foundry facilities and highly trained and experienced organization 
prove exceedingly helpful on sewage disposal work. 

AMERICAN pipe is conveying sewage, water, gas, crude oil, gasoline, sour 
naphtha, salt brine and chemicals under operating pressures ranging from a few 


pounds to the square inch up to pressures in excess of 100 pounds gas and 500 
pounds liquid. 


AMERICAN pipe has the lasting strength that enables it to survive con- 
tinued corrosive attack, year after year, and to keep on giving the same depend- 
able, economical service as the day it was installed. It is manufactured under 
rigid specifications in diameters 2-inch through 48-inch. 


Refer your next piping problem to AMERICAN and utilize both our exten- 
sive manufacturing facilities and our nearly half a century of experience in 
furnishing pipe and fittings for water works and for sewage disposal plants. 

Let us assist you by taking off lists of material and submitting a price on 
pipe and fittings for your next job. 


Write for free literature. Address the AMERICAN office nearest you. 


AMERICAN CAST IRON PIPE COMPANY 


BIRMINGHAM 2, ALABAMA 
Dallas Houston El Paso Pittsburgh Kansas City New York City 
Chicago Minneapolis Cleveland Denver Los Angeles San Francisco Seattle 
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SIMPLE SIDE CHANNEL (inset) was built for this Worthington com- 
minutor at Klamath Falls, Oregon, because Mr. E. A. Thomas, the 
City Engineer, wanted to use the existing channel as a by-pass. 


Low 


installation cost swings 


Klamath Falls to Worthington 


Since the Worthington comminutor is designed so 
that raw sewage flows straight through its screen, it’s 
easily installed in a straight rectangular sewage 
channel. 

Result? Expensive masonry work is not needed, 
which makes for simplified, low-cost installation. 

This was an important factor in the selection of a 
Worthington 25C6 comminutor as part of recent 
improvements at the Klamath Falls, Oregon, Sewage 
Treatment Plant. 

This comminutor, installed downstream from a grit 
chamber and upstream from a clarifier, was lifted 


directly from its packing crate and set right in the 
channel in a minimum of time. 

Easy-to-remove cutter racks for occasional sharpen- 
ing and the built-in flood protection provided by a 
mercury seal are other advantages of the Worthington 
comminutor. 

Get all the facts and figures on the rugged 
Worthington comminutor. Check with your nearest 
Worthington district office. Or write today for new 
engineering manual on comminutors, W-317-B17. 
Worthington Corporation, Public Works Division, 


Harrison, N.J. W.4.5 


ALL MAJOR PUBLIC WORKS EQUIPMENT UNDER ONE RESPONSIBILITY 


Water Works Pumps © Sewage Pumps ¢ Comminutors ¢ Vertical Turbine Pumps © Vacuum Pum 
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Storm Water or Sewage... you can solve 
your sewer problems with CONCRETE PIPE 


Whether you plan a storm sewer, 
sanitary sewer or combination of 
both in one trench, as in the photo 
above, concrete pipe will solve 
your problem. You get better, 
longer, more economical service 
from concrete pipe sewers because: 


1. Concrete pipe’s great strength 
resists severe impact and sustains 
heavy overburdens. 

2. Concrete pipe’s uniformly dense 
structure along with its watertight 
joints is assurance of minimum in- 
filtration and leakage in the lines. 


3. Concrete pipe’s smooth interior 
finish resists the wearing action of 
suspended abrasive matter and pro- 
vides maximum hydraulic capacity. 


4. Concrete pipe’s unusual dura- 
bility means long service. Many 
concrete pipe sewers have been 
serving 60, 80, 100 or more years. 


5. Concrete pipe’s first cost is mod- 
erate, its service life is extra long, 
its maintenance cost is extra low. 
The result is Jow-annual-cost 
sewer service. This is the only true 
measure of sewer line economy. 


AMERICAN CONCRETE PIPE ASSOCIATION 


228 NORTH LA SALLE STREET, CHICAGO 1, ILLINOIS 
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In Appreciation 


N JUNE, 1946, Walter Sanderson and the writer, along 

with some hopeful Stockholders, established this busi- 
ness. We made our first sludge dewatering installation at 
Liberty, New York, in July, 1949. The operation was a 
success, and a number of Consulting Engineers were en- 
couraged to utilize the coil spring type filter in connection 
with plants being designed in their offices. From 1949 
through 1952, 21 more installations were made in the East, 
and as these units went into operation, each of them worked 
with a success that was indeed gratifying to all of us here, 
and led to (1) the construction of suitable manufacturing 
facilities for production of these machines and their auxil- 
laries, and (2) setting up a sales organization to work with 
Engineers to apply the coil spring type filter, now known 
as the “‘Coilfilter,” for solution of their sludge dewatering 
problems. During the past two years 48 more units have 
been sold, of which a considerable number have gone into 
operation, again with unqualified success. 


The writer is desirous of expressing his thanks to the Sani- 
tary Engineering Profession for their acceptance and use 
of our equipment. We are mindful of our obligation to 
these Engineers and to the Operators and will maintain 
our standards. 


In closing, let me say that when you are in the vicinity of 
Peapack, please stop in and visit with us. The manufac- 
ture of this equipment is most interesting, and we will be 
glad to see you. 

Respectfully, 


T. R. Komline 


KOMLINE-SAN DERSON 
ENGINEERING CORPORATION 


MANUFACTURERS OF THE COILFILTER 


PEAPACK, NEW JERSEY 
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SEWAGE AND INDUSTRIAL WASTES 


Fast installation, dependable 
trouble-free operation and low 
maintenance costs explain why 
Chapman Standard Sluice Gates are 
specified everywhere. 
Interchangeable components 
make matchmarking or field alter- 
ation unnecessary, so installation 
is always quick and simple. 
Uniform construction, from de- 
signs that have been developed in 
over seventy-five years’ experience, 
means parts fit accurately and op- 
erate smoothly under the heaviest 


unbalanced loads. 

Maintenance is simple, too, be- 
cause repair or replacement parts, 
when and if needed, are made to 
the same uniform accuracy for 
perfect fit without extra work. 

Specify Chapman Standard Sluice 
Gates on your job. A wide range of 
catalogued sizes and designs, all 
with any type of control you want 
— manual, electrical, or hydraulic. 
Write now for Catalog No. 25. 


The Chapman Valve Manufacturing Company 
INDIAN ORCHARD, MASSACHUSETTS 
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SEWAGE AND INDUSTRIAL WASTES 


Count costs 


in pennies 


Thirty cents per dry ton of sewage sludge in- 
cinerated. That is the average annual main- 
tenance cost of a typical Nichols Herreshoff 
dryer-incinerator over years of continued, de- 
pendable service. 


Only the Nichols Herreshoff multiple hearth 
furnace combines proved low operating cost 
and rugged construction with dual-purpose 
adaptability to burn all types of sludge to a 
sterile ash or dry it to a product excellent for 
soil conditioning. 


The Nichols Herreshoff sludge dryer-inciner- 
ator is a development of Nichols world-wide 
multiple hearth experience in the chemical, 
metallurgical, cement and process industries. 
Thousands of these furnaces are now in 
operation. 


Nichols Herreshoff 


Multiple Hearth Dryer-Incinerators 


Nichols Engineering and Research Corp. 
70 Pine St., New York 5, N. Y. 


1637 N. Illinois St., Indianapolis 2, Ind. 
40 S. Los Robles Ave., Pasadena 1, Calif. 
1477 Sherbrooke St. W., Montreal 25, Canada 
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SEWAGE AND INDUSTRIAL WASTES 


To keep pace with the 
ever increasing demand for 
_.» PEKRUL GATES over half a 
century, MORSE BROS. 
MACHINERY has just 
completed an extensive 
modernization program. The 
. * installation of many new 
K es machines and facilities, an 
increased engineering 
staff, and complete, new, 
gustem re-tooling specifically 
for PEKRUL GATE production 
“means... 


4 


amedern design and superior 
hy engineering service... 


even faster PEKRUL GATE 
72» deliveries to you... 


PEKRUL GATE DIVISION 


MO RS BROS. MACHINERY 
DENVER, COLORADO 


MANUFACTURERS OF PEKRUL GATES FOR 


Flood Control Sewage Disposal Rearing Ponds Recreation Pools 
Levees Reservoirs Irrigation Cooling Towers Pumping Plants 
Water Works Oil Refineries Steel Mills Dams Fish Hatcheries 
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SEWAGE AND INDUSTRIAL WASTES 


GALE WASTE WATER TREATMENT SYSTEM 
INSTALLED AT THE DIESEL SHOP OF A 
LARGE RAILROAD IN THE MIDWEST 


Gale Waste Water Treatment System removes oil, grease, 
grit and sand from the waste water coming from diesel 
shops, wash racks, fueling stands and sand-operated 
equipment. Normal flow rate through Gale System is 
2,000 $.p.m., with provision for storm-water by-pass. After 
this water is cleansed of impurities, it flows to a cooling 
pond. Railroad uses this cooling pond water for indus- 
trial purposes. System eliminates pollution and con- 


serves the water for continuous use. 


GALE OIL SEPARATOR CO., INC. 


53 Vanderbilt Avenue 
M Hill 4-1890 g0Sc 
9 = New York 17, WN. Y. 


Trade Mark 
Reg. U.S. Pat. Off. 
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[here's no substitute for 
CONCRETE and STEEL! 


Concrtte, with its proven qualities of 
durability, non-corrosion, resistance to 
electrolytic action, and high compression 
strength is combined, by Lock Joint, 
with steel’s toughness, resilience and high 
tensile strength to make a pipe that 
retains the best qualities of both— 

non tuberculance, high structural strength 
and long life with little or no 
maintenance. Dense concrete affords 
complete protection for the quality 


LOCK JOINT 
combines 
these materials 
to make 
the ideal pipe! 
Placing to pouring 
concrete, around steel reinforcing cage 
of Lock Joint Reinforced Concrete Pres- 

sure Pipe. 


reinforcing steel. Both materials are 
carefully calculated to meet your pressure 
needs with a wide factor of safety. The 
Lock Joint Pipe Company’s Rubber 

and Steel Joint is extremely watertight 
and, at the same time, flexible. 


For superior strength, carrying 
characteristics and trouble-free operation, 
let Lock Joint supply your pipe needs 

in sizes 16” and larger. 


LOCK JOINT PIPE COMPANY 


Established 1905 
P. O. Box 269, East Orange, N. J. 


PRESSURE PIPE PLANTS: Wharton, N. J., Turner, Kan., 


Detroit, Mich., Columbia, 8. C. 
SEWER & CULVERT PIPE PLANTS: 


Casper, Wyo. + Cheyenne, Wyo. + Denver, Col. « Kansas City, Mo. 


Kennett Square, Pa. + Valley Park, Mo. 


Island, Ill. + Wichita, Kan. « Kenilworth, N. J. « 


Chicago, Il. 


+ Rock 
Hartford, 


Conn, + North Haven, Conn, + Tucumcari, N. Mex. « Oklahoma 


City, Okla. 


Ponce, P. R. « Caracas, Venezuela 


+ Tulsa, Okla. + Beloit, Wis. + Hato Rey, 


KR 


+ Wholly Owned Subsidiary, 


Great Lakes Pipe Co., Plants: Buffalo, N.Y. + W. Henrietta, N.Y. 
SCOPE OF SERVICES—Lock Joint Pipe Company specializes in the manufacture and in- 
stallation of Reinforced Concrete Pressure Pipe for Water Supply and Distribution Mains 
16” in diameter or larger, as well as Concrete Pipes of all types for Sanitary Sewers, Storm 


Drains, Culverts and Subaqueous Lines, 
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SEWAGE AND INDUSTRIAL WASTES 


New developments 


in “controlled digestion” 


In the development of controls for the 
separate sludge digestion process, the 
Pacific Flush Tank Company has been 
a leading contributor. The P.F.T. 
Floating Cover was developed to pro- 
vide means for positive submergence 
of the scum in the seeding liquor and 
allow safe gas utilization. P.F.T.’s 
development of external heating of 
recirculated digester contents and raw 
sludge assures the maintenance of con- 
stant optimum digester temperatures. 
And more recently the development of 
the P.F.T.-Pearth Gas Recirculation 
System provides a positive means for 
the rapid dispersion and elimination of 
scum accumulations. 


Our Policy is Clear — With our many 
contributions to the basic knowledge 
of the sludge digestion process, it has 
always been our policy to point out the 
advantages of closely controlling all 
factors affecting digestion. With effec- 
tive controls, operational difficulties 
are eliminated and successful digestion 
results—the production of an inoffen- 
sive sludge of uniform concentration 
suitable for ultimate disposal. 


We will continue to advocate the 
use of established design criteria for 
digestion capacity as formulated by 
consulting engineers and State Boards 


A STATEMENT OF POLICY 


NEW YORK ® LOS ANGELES @ SAN FRANCISCO @ GHARLOTTE, WN. C. 


of Health. We feel that these criteria 
are developed to take into considera- 
tion practical plant operating proce- 
dures and future requirements. These 
criteria cannot be based solely upon 
results of pilot plant studies which re- 
quire careful control by staffs of highly 
skilled technicians. 


The introduction of the P.F.T.- 
Pearth Gas Recirculating System 
provides an economical means of dis- 
persing scum accumulations, making 
the total digester volume available for 
effective digestion. There is no mys- 
terious action in the operation of any 
gas recirculating system. It is merely 
a mechanical action which aids the 
normal biological activity by breaking 
up the scum so that it can be digested. 


To those interested in sewage and 
waste treatment, Pacific Flush Tank 
Company will continue to offer straight- 
forward information about all of its 
equipment and new developments. 


waste treatment equipment 
exclusively since 1893 


PACIFIC FLUSH TANK CO. 


4241 Ravenswood Avenue 
Chicago 13, Illinois 


@ JACKSONVILLE @ DENVER 
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Figures Tell the Story 
about the Low 
Maintenance Costs with 


DORR CLARIFIERS 


...and the Baltimore Sewage Treatment 
Plant is a typical Case in Point... 


16 years ago the Baltimore Department of Public Works installed its first two 
center-drive Dorr Clarifiers. Since then, 4 additional units have been added. 
The figures below tell the actual repair costs story. They are not “exceptions to 
the rule” but are typical of the low maintenance costs of Dorr Clarifiers re- 
ported by city after city. 

Maintenance costs are one of the primary factors upon which Clarifier excel- 
lence should be judged. Are you getting the best? 

We'd like to tell you how Dorr Clarifiers stack up on performance too. Ask a 
Dorr Engineer for the facts. 


Here are the Repair Cost Facts 


4 | Repair Parts Cost* Repairs as % of ni 
Size of Years of + ~— 


Clarifiers | Operation | Per | Per Unit Original Original Cost 
| Total | Unit | Per Year Cost Per Year 
—+ 


170 ft. Diameter 16 
170 ft. Diameter | 15 
126 ft. Diameter 


$241.40 | $120.70 | $7.55 1.08 0.068 
no repair costs to date 
168.20 | 84.10] 6.01 0.95 0.068 


| 
4 | 
170 ft. Diameter | 3 | no repair costs to date 
*includes modest unsegregated labor costs 
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“Bitter tools TODAY to mest tomorrowh demand 


WORLD -WIDE RESEARCH + ENGINEERING + EQUIPMENT 
THE DORR COMPANY + ENGINEERS + STAMFORD, CONN. 


Offices, A or in principol cities of the world 
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Sewage Works 


ACTIVATED AERATION AT THE WARDS ISLAND 
SEWAGE TREATMENT PLANT * 


By A. H. Cuasick 
Civil Engineer (San.), Department of Public Works, New York City, N. Y. 


Because of the magnitude of the 
problem of treating New York City’s 
sewage, continual efforts are made to 
develop new treatment procedures 
which will produce improved results 
and significant economies in both con- 
struction and operating costs. Thus, 
in the field of aeration, the step aera- 
tion activated sludge and the modified 
aeration processes have been developed 
and put to use. 

During January 1953, some work was 
done at the Wards Island plant to test 
the relative merits of straight sewage 
aeration versus the modified aeration 
process. Comparing plain aeration 
with aeration of sewage in the presence 
of return modified aeration solids, it 
was obvious that the very small quan- 
tity of return solids inherent in the 
modified aeration process was respon- 
sible for marked increases in removal. 
The question then arose as to what ad- 
vantages could be realized by substi- 
tuting a similar small quantity of 
standard activated sludge for the modi- 
fied aeration solids. 

One aeration battery at the Wards 
Island plant, employing the step aera- 
tion process, was producing some 17 
dry tons of activated sludge culture per 
day. These solids, of proven high 
clarifying capacity, were being wasted 
to thickening tanks prior to disposal. 
A constant supply of activated sludge 
was thus available for a plant-scale 
experiment to determine whether these 


* Presented at 1954 Annual Meeting, New 
York Sewage and Industrial Wastes Assn.; 
New York, N. Y.; Jan. 21-22, 1954. 


solids could again be used to clarify 
sewage. 


Description of Process 


One such process employing this con- 
cept was visualized in the form shown 
in Figure 1. An activated sludge unit, 
either conventional or step aeration, is 
operated in the usual manner except 
that the excess activated sludge solids 
are transferred to another unit to ex- 
ploit the treatment potential of the 
culture. In the second unit, primary 
effluent is aerated in the presence of 
this small quantity of transferred acti- 
vated sludge. The aeration tank efflu- 
ent is settled in final tanks, the clari- 
fied liquid overflowing as final effluent. 
The settled sludge, comprising the 
original activated culture plus the sol- 
ids removed by it, is then normally 
withdrawn for thickening, although the 
layout allows for the return of sludge 
to the aerators. It was thought that 
in the operation of this process, air 
requirements would be comparable to 
those of modified aeration and that 
effluent quality might be somewhat bet- 
ter. Furthermore, since solids are not 
recirculated through the system, the 
process should exhibit the biological 
stability of straight sewage areation. 
This process, comprising the re-use of 
activated sludge, has been named ‘‘acti- 
vated aeration.’’ 


Layout of Wards Island 


The Wards Island plant was easily 
adapted to the use of activated aeration 
because of its division into separate 
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aeration batteries, as shown in Figure 
2. The plant, which was designed to 
treat 180 m.g.d. of sewage, provides for 
1.2 hr. of preliminary sedimentation, 
5.6 hr. of aeration, based on the de- 
sign flow plus 25 per cent return 
sludge, and a final tank overflow rate 
of 740 g.p.d. per square foot. The sec- 
ondary system is divided into four bat- 
teries, each having four aeration and 
eight settling tanks. Each battery has 
its own return and excess sludge pumps 
and sludge thickening facilities and 
thus acts as a separate secondary treat- 
ment plant. 

The aeration tanks have been 
adapted for step aeration by providing 
means for adding primary effluent at 
the quarter and three-quarter points. 
The final tanks, which originally re- 
ceived aerator effluent from a center 
distribution conduit, were altered to 
admit that flow into the near end of 
the tank. Final effluent overflows into 
channels at the far end and settled 
sludge is withdrawn from a center 
sump. The original influent conduit is 
available for other uses. These changes 
to the aeration and final settling tanks 
have been described in detail by Gould 
(2). 


FIGURE 1.—Typical flow diagram of activated aeration operation. 
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In each battery, the two final tanks 
nearest the return sludge pumping sta- 
tion may be used as thickeners, since 
they are connected to the excess sludge 
pumps. In a battery operating on the 
activated sludge process, aerator efflu- 
ent is wasted to the thickeners. The 
modified aeration process, however, re- 
quires that return sludge be wasted. 
Thus, in battery D (at left side of Fig- 
ure 2), the return sludge header has 
been extended to the former center in- 
fluent conduit for that purpose. By 
using these new facilities for the opera- 
tion of the step aeration and the modi- 
fied aeration processes, the Wards 
[sland plant has been treating well 
over 210 m.g.d. of sewage with but one- 
half the provided aeration tanks. 


Application to Wards Island 

To apply the activated aeration proc- 
ess to the facilities described, only one 
additional piece of equipment was re- 
quired. Some means were needed to 
transfer excess activated sludge from 
the step aeration to the activated aera- 
tion battery. As shown in Figure 3, 
battery C was operating on the step 
aeration process, the primary effluent 
being added at the quarter and three- 
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quarter points of the aerators. The 
mixed liquor channel contained return 
activated sludge. A portable electric- 
driven pump of about 1,000-g.p.m. ca- 
pacity was installed at the entrance 
to the mixed liquor channel to transfer 
a small fraction of the return sludge 
through a valved line to mix with the 
primary effluent entering battery D. 
Normal activated sludge operation was 
continued in battery C. However, in- 
stead of wasting aerator effluent to two 
thickening tanks as was done pre- 
viously, an equivalent weight of active 
solids was transferred to battery D 
for further use there. The concentra- 
tion of activated sludge in battery C, 
and consequently its sludge age, was 
now controlled by the setting of the 
valve on the new transfer line. Seven 
final tanks were used for settling aera- 
tor effluent and returning sludge and 
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one tank was held in reserve for pos- 
sible use as a thickener. 

The mixture of fresh excess activated 
sludge and primary effluent entering 
battery D was aerated in two aeration 
tanks, for about 2.8 hr. The aerator 
effluent, averaging 200 to 250 p.p.m. of 
suspended solids, was settled in six 
final tanks. Settled sludge was with- 
drawn, and pumped through the center 
conduit into two thickening tanks. 
Ordinarily, no sludge was returned to 
the aerators. The sewage flow to bat- 
teries C and D remained at about the 
same rate as during previous operation 
with step and modified aeration, namely 
48 and 55 m.g.d., respectively. 

Because the process was being oper- 
ated on a plant scale, with flow limited 
by hydraulic and other considerations, 
it was not feasible to explore a wide 
range of variation in control factors. 


ay 


FIGURE 2.—Division of the Wards Island sewage treatment plant into separate aeration 
batteries facilitated its adaption to the use of activated aeration. 
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Plant-scale performance could not be 
readily reproduced in laboratory-scale 
investigations. A search of the litera- 
ture was therefore undertaken to as- 
certain whether any operating or ex- 
perimental data were available for use 


in studying activated aeration. An 
article by Leiner (2) was found de- 


scribing the theory of the process and 
discussing some of its possible ad- 
vantages, but giving no actual operat- 
ing results. This Wards Island trial 
appears to be the first successful ap- 
plication of activated aeration. 


Operation of Activated Aeration 


The new process was started in bat- 
tery D on February 17, 1953, and has 
been employed continuously since then. 
The results of the operation appear in 
the tables to follow. 

Table I describes the characteristics 
and magnitude of the load applied to 
the activated aeration battery. A pe- 
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FIGURE 3.—Schematic layout of Wards Island activated aeration operation. 
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riod of more than nine months of op- 
eration is covered, with the data pre- 
sented in the form of monthly aver- 
ages. The primary effluent averaged 
89 p.p.m. of suspended solids and 99 
p.p.m. of B.O.D., so that the raw sew- 
appeared to be of moderate 
strength. The full scale of sewage 
temperatures at Wards Island was en- 
countered, temperatures varying from 
61° to 78° F. 

The activated aeration battery 
treated an average of 55 m.g.d. of pri- 
mary effluent. The final tank overflow 
rate exceeded 1,000 g.p.d. per sq. ft. 
Of the total flow through batteries C 
and D together, about 53 per cent was 
treated by activated aeration. From 
the standpoint of economy, it is de- 
sirable to apportion a high percentage 
of the flow to the activated aeration 
battery. However, as the proportion 
increases, a progressively lower quan- 
tity of activated sludge is available for 
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TABLE I. 


Month 


(1953) 


(m.g.d.) Aeration 


Susp. Sol. 


| 
| (p-p.m.) (% Vol.) 


Primary Effluent Treated by Activated Aeration 


Primary Efthuent 


B.O.D. (p.p.m.) 


Total Filtr 


Feb. 5: 5 95 
March | 101 
April 8Y 
May j 92 
June 57 90 
July | 83 
Aug. 5- 76 
Sept. 5 | S4 
Oct. de 93 
Nov. 5: 89 


Av. | | 8Y 


106 49 
109 6 
101 46 
105 46 
100 47 

85 

82 

97 
106 

99 


99 


| 


' Percentage of total flow to step aeration and activated aeration batteries combined. 
2 Data starting February 17; average includes February as one-third month. 


treating these higher quantities of sew- 
age. 

The quantity of activated sludge sol- 
ids transferred to battery D is shown 
in Table II. This quantity is expressed 
in the form of p.p.m. added to the 
tlow of primary effluent into battery D 
and has been calculated on the basis of 
suspended solids captured from the bat- 
tery C flow. Thus, 72 p.p.m. of acti- 
vated sludge were used to treat 89 
p.p.m. of suspended solids in the pri- 
mary effluent. On a monthly basis the 
activated sludge added to battery D 
varied from 65 to 80 p.p.m. 

The sludge density index of the 
original activated sludge varied from 
0.7 to 1.6, which is within the normal 
operating range. After re-use of these 
solids in battery D, the sludge index 
of the combined settled solids ranged 
from 1.0 to 1.9, showing a significant 
increase. Thus, the admixture of fresh 
raw solids to those transferred im- 
proved their settleability. 

At the beginning of activated aera- 
tion operation, the air supply was 
maintained at the same rate as was 
required by the modified aeration proc- 
ess formerly used in battery D. At an 
air ratio of 0.3 cu. ft. per gallon, high 
dissolved oxygen concentrations oc- 


curred in the aerator effluent. The 
quantity of air used was progressively 
reduced until an air ratio of 0.16 cu. 
ft. per gallon was reached in May with- 
out any deterioration of effluent qual- 
ity. This air flow approximated the 
minimum required to prevent deposi- 
tion of solids in the aeration tanks and 
distribution channels, 70 per cent of 
the air supply being used in the aera- 
tors proper. 

When sewage temperature increased 
sharply in June, it was necessary to 
increase the quantity of air supplied to 
the step aeration and modified aeration 
batteries. At this time, the air rate 
to battery D was increased. Some dis- 
solved oxygen was present in the aera- 
tor effluent throughout the summer. 
The air ratio for the entire run aver- 
aged 0.20 cu. ft. per gallon. 

The aerator effluent averaged 225 
p.p.m. of suspended solids. Since only 
72 p.p.m. of activated sludge were 
added, these transferred solids re- 
moved considerably more than their 
own weight of material from the sew- 
age, including some previously in the 
colloidal and soluble form. 

Approximately 8 m.g.d. of settled 
sludge at a concentration of 1,150 
p.p.m. of suspended solids were with- 
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4 | | Temp. 
| | (@F) 
80 61 
$1 | 64 
82 
82. | | 78 
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drawn from the final settling tanks and 
pumped to the thickening tanks. This 
provided for the moderate overflow 
rate of 530 g.p.d. per sq. ft. for the 
thickeners, while the influent concen- 
tration was not too high for efficient 
compaction. 


Results of Activated Aeration 


The results of more than nine months 
of operation of activated aeration are 
given in Table III. During this pe- 
riod, the final tank effluent varied from 
23 to 36 p.p.m. of suspended solids, 
averaging 28 p.p.m. B.O.D. 
ranged from 25 to 39 p.p.m., averaging 
30 p.p.m. From the beginning, the ae- 
tivated aeration effluent con- 
sistently better than that from the 
parallel operation of modified aeration. 
Apparently, the effluent quality was 
not markedly influenced by tempera- 
ture and seasonal factors. 

During May a test was made of the 
effect of returning some settled solids 
from the final tanks to the aeration 
tanks. There was no significant change 
in the effluent quality from that se- 
eured in April when no solids were 
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TABLE II.—-Activated Aeration Treatment Factors 


September, 1954 


returned. Since some impairment in 
thickener performance occurred at this 
time, the test was terminated. How- 
ever, the trial indicated that some sol- 
ids could be recirculated through the 
aerators without reducing the stability 
of the process. 

The 8 m.g.d. of settled sludge 
pumped to the thickening tanks repre- 
sented a significant portion of the flow 
treated by activated aeration. It was 
therefore important that the thickener 
effluent be of good quality, as it consti- 
tuted 14 per cent of the process efflu- 
ent. Furthermore, the thickeners were 
receiving the waste sludge not only 
from activated aeration, but also from 
the accompanying activated sludge bat- 
tery. Even though these rectangular 
tanks were not designed for thickening, 
the thickener effluent was satisfactory, 
adding but 3 p.p.m. to the suspended 
solids and 1 p.p.m. to the B.O.D. In- 
cluding the effect of thickener effluent, 
the process effluent averaged 31 p.p.m. 
of suspended solids and B.O.D. 

The thickened sludge varied from 
2.7 to 3.9 per cent solids having a 
volatile content of 74 to 81 per cent. 


Activated Aeration 
Activated Sludge 
Settled Sludge 
(1958) 
Flow Added Sludge A. Susp. Sol. | 
to C to D Density (p.p.m.) | Sl. Dens. 
(m.g.d.) (p.p.m.) Index Index 
| (p.p.m.) | (% Vol.) | 
Feb.! 45 73 «| «(7 | 032 | 230 1,350 | 83 | 13 
March 46 80 | 1.0 0.23 | 225 1,350 | 80 1.5 
April 47 | 7 0.9 0.17 | 225 1,200 | 79 1.5 
May 47 | 6 | O8 0.16 2452 1,300 78 1.1 
June 46 69 0.18 230 1,10 | | 10 
July 50 70 1.6 0.21 215 1,050 | 78 19 
Aug. 51 67 1.3 0.21 | 200 1,000 | 80 1.5 
Sept. 50 7 0.23 235 1,100 | 80 1.5 
Oct. 48 | 74 | Ol | 0.20 | 225 1,000 | 81 1.5 
Nov. | 1.3 5 | 1.6 
Av. | 1,150 | 
| 


! Data starting February 17. 
? Not included in average. 
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Final Tank Effi. | 


B.O.D. 
(p.p.m.) 


Month 
(1953) Susp. 
Solids 

(p.p.m.) 


Susp. 
Solids 


Total Filt. 


ACTIVATED AERATION 
TABLE III.—Treatment Results, Activated Aeration 


Thickener Effi. 


B.O.D. 
(p.p.m.) | 
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Process Effi. Thickened Sl. 


Susp. 
Solids 
(p.p.m.) | 


B.O.D. 


(p.p.m.) (p.p.m.) 


28 
24 
23 
24 
28 
29 
27 
30 
36 
32 


28 
32 
29 
28 
33 
25 
25 
25 
39 
32 


19 
20 
21 
19 
23 
18 
18 
16 
26 
23 


49 
45 
34 
53 
42 
45 
42 
56 
74 
52 


28 30 20 49 


! Data starting February 17. 

These concentrations were materially 
higher than was to be expected from 
the thickening of activated sludge alone 
and showed the consolidating effect of 
the fresh raw solids captured. This 
was most noticeable during June and 
October, when for brief periods the 
activated sludge index in battery C 
dropped to 0.3. During these periods, 
the thickened sludge concentration was 
not greatly affected and thickener efflu- 
ent remained satisfactory. 

It can be seen from inspection of 
Tables I and III that the concentration 
of thickened sludge was significantly 
reduced when sewage temperatures be- 
came higher. In this connection, sludge 
blankets in the thickening tanks had 
to be held at lower depths in order to 
control effluent quality during these 
warmer months. Nevertheless, for the 
entire period of operation sludge con- 
centration averaged 3.2 per cent solids. 


Comparison with Modified Aeration 


While the north side of the Wards 
Island plant was devoted to this com- 
bination of activated sludge and acti- 
vated aeration operation, the south 
half was operating on the modified 
aeration process. A comparison of the 
results obtained is given in Table IV. 


30 
34 
29 
$l 
33 
26 
25 
28 
44 
33 


31 


Inasmuch as activated aeration was 
conceived as a substitute for modified 
aeration, it is interesting to compare 
the results of these two processes, treat- 
ing the same sewage in about equal 
quantity in each aeration battery. In 
spite of the fact that the activated 
aeration final settling tanks were sub- 
jected to a higher overflow rate than 
those used for modified aeration, the 
activated aeration effluent was su- 
perior, especially with respect to B.O.D. 
Moreover, this one-fifth reduction in 
B.0.D. discharge was accomplished us- 
ing about two-thirds of the air supply 
required by the modified aeration proc- 

A further advantage of activated 
aeration, not revealed in any of the 
tables, was the stability of the process 
and its ease of operation. As long as 
a steady inflow of activated sludge 
was maintained, a good effluent was 
produced. At Wards Island, modified 
aeration now requires precise process 
control if acceptable removal  effi- 
ciencies are to be obtained. 

However, since activated aeration de- 
pends upon an accompanying activated 
sludge system, this combination should 
be considered as a unit. The combined 
step and activated aeration batteries 


A 
| 
(%) | (%) >. 
Feb.! | a | 3.0 81 
Mareh | | 7 | | 3.3 75 
April | | 2 | 2 | 39 | 78 hee 
May | 51 28 | 3.5 76 
June | 35 | 30 3.4 76 
July | 30 | 31 3.4 74 BRAS 
Aug. | 26 29 2.9 77 ane 
Sept. | 34 2.7 76 
Oct. | 70 42 2.8 77 
Nov. | | 40 35 34 | 75 ty 

Av. | | 41 | 31 | 3.2 | 76 
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Flow treated (m.g.d.) 
Aeration detention (hr.) 2.8 
Air ratio (cu.ft./gal.) 0.31 
Final tank overflow (g.p.d./sq.ft.) 930 
Suspended solids (p.p.m.): 
\erator effluent 160 
Return sludge 870 
Sludge density index 2.0 
Thickened sludge solids (%) 4.2 
Process effluent (p.p.m.): 
Suspended solids 35 
B.O.D. 
Filtrate B.O.D. 24 
Removal efficiency (%) 2 
Suspended solids 76 


B.0.D 


Settled sludge to thickener. 


accomplished an over-all removal, with 
respect to raw sewage strength, of 86 
per cent of the suspended solids and 
85 per cent of the B.O.D. The com- 
bined processes required 0.39 eu. ft. of 
air per gallon at an aerator detention 
of less than 3 hr. As might be ex- 
pected, modified aeration produced a 
somewhat more concentrated sludge 
than did activated aeration. However, 
although using about 80 per cent of 
the quantity of air required by the 
combined processes, modified aeration 
discharged to the receiving stream 
twice as much pollution. 

Inasmuch as the activated aeration 
process has demonstrated improved effi- 
ciencies at significant savings in power 
costs with respect to modified aeration, 
it has been adopted as a standard treat- 
ment procedure at the Wards Island 
plant. The plans for the new extension 
to the Bowery Bay plant include pro- 
visions for the use of activated aeration. 


Effect of Aeration Time 
The data given cover a rather nar- 
row range of operating factors, since a 
major consideration was the necessity 
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TABLE IV.—Comparison of Treatment Processes at Wards Island, 
March-November, 1953 


Modified 
Aeration 


? Removal efficiency based on raw sewage; 145 p.p.m. suspended solids, 123 p.p.m. B.O.D. 


September, 1954 


| Combined Step 


Activated | and Activated 


Aeration 


Step 
Aeration 


| Aeration 
18 55 103 
2.6 2.8 2.4 
| 0.60 0.20 0.39 
900 1,050 
1,020 225 
4,100 1,150! 
1.1 1.5 
a2 
7 31 20 
b 31 19 
5 20 12 
SO 


for the Wards Island plant to continue 
treating more than 200 m.g.d. of sew- 
age. The activated aeration battery was 
required to use at least two aeration 
tanks to handle the flow of 55 m.g.d., 
thus setting a minimum aerator deten- 
tion of 2.8 hr. In order to determine 
the effect of shorter contact time on 
process efficiency, samples were col- 
lected from the end of each of the four 
passes of one aeration tank. The sam- 
ples were settled quiescently for 30 min. 
to simulate settling in the final tanks. 
The supernatants were composited for 
the day at each location and analyses 
were made for suspended solids and 
B.O.D. These results indicate what 
might be expected with aeration deten- 
tions of 0.7, 1.4, 2.1, and 2.8 hr. The 
averages for the six days of sampling 
are shown as nonsettleable suspended 
solids and B.O.D. versus aeration time 
in Figure 4. Also shown, for com- 
parison, are the corresponding values 
for the final tank effluent. In general, 
with increasing time of aeration, there 
was a continuous lowering of the sus- 
pended solids and B.O.D. of the super- 
natant of settled aerator liquor, but at 


A 

95 75 85 
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a diminishing rate. The suspended sol- 
ids at the end of the aerator did not 
agree with the trend and differed con- 
siderably from the final tank effluent 
values for the period. Evidently, set- 
tling aerator liquor in a beaker did not 
accurately simulate final tank per- 
formance with respect to suspended 
solids. On the other hand, the B.O.D. 
values were in closer agreement. The 
B.O.D. curve showed that up to 2.8 
hr. of aeration, increasing the aerator 
detention resulted in improvement of 
the removal efficiency. 

From Figure 4, it appeared that 
higher removals could be attained by 
increasing aeration detention to more 
than 2.8 hr. By placing a third aera- 
tion tank in service, the detention 
would be increased to more than 4 hr. 
However, this procedure was delayed 
until December, when lower sewage 
temperatures would permit the thick- 
eners to handle the anticipated increase 
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in load. Air requirements were in- 
creased to 0.3 cu. ft. per gallon by the 
necessity for maintaining solids in sus- 
pension in three aerators. 

The December results showed that 
the use of three aerators produced a 
significant increase in process efficiency. 
The process effluent averaged 21 p.p.m. 
of suspended solids and 20 p.p.m. of 
B.0.D. for the month, representing re- 
moval efficiencies of 86 and 84 per cent, 
respectively. The thickened sludge av- 
eraged 3.0 per cent solids. The effi- 
ciency of the combined step aeration 
and activated aeration batteries was 
increased to 90 per cent removal of 
suspended solids and 89 per cent of 
B.O.D. at an over-all air ratio of 0.41 
cu. ft. per gallon. Thus, under these 
conditions of operation, the combined 
process efficiency approached that of 
the activated sludge process. As op- 
portunities present themselves, it is ex- 
pected that various changes in operat- 
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FIGURE 4.—Six-day average non-settleable suspended solids and B.O.D. vs. aeration 
time for activated aeration. 
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ing procedures will be investigated to 
determine if similar high efficiencies 
ean be achieved using shorter aerator 
detentions. 


Possible Applications 


This new combination of activated 
aeration and activated sludge affords a 
considerable increase in flexibility to 
the activated sludge process. Variation 
in the operating conditions makes pos- 
sible efficiencies between the limits 
from straight aeration to full activated 
sludge. The combined processes may 
thus be adapted to the needs of a par- 
ticular plant or situation. For ex- 
ample, at a plant where satisfactory 
operation of the activated sludge proc- 
ess can no longer be maintained be- 
eause of overloaded aerators, stability 
may be restored by using activated 
aeration to reduce the load on the acti- 
vated sludge units. 

Such an application of activated 
aeration would result in other bene- 
fits. The accompanying reduction in 
air requirements would significantly re- 
duce power costs. The volume of ex- 
cess sludge would be reduced, which 
would be of special significance where 
sludge digestion is employed. It may 
also be expected that gas production 
from the digesters would be increased, 
inasmuch as the solids removed by ac- 
tivated aeration have not undergone 
some four days of aerobic activated 
sludge digestion. These considerations 
indicate the desirability of plant-scale 
trials of the activated aeration proc- 
ess at other locations, especially where 
the full range of operation may be 
explored. 


1. Gould, R. 
Capacity 
Changes.’’ 
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Summary 


A new process, called activated aera- 
tion, which comprises the re-use of ex- 
cess activated sludge solids, has been 
operated at the Wards Island plant for 
more than nine months. In this proce- 
ess, primary effluent was aerated for 
2.8 hr. in the presence of the excess 
activated sludge from an adjacent unit. 
After final settling, the solids were 
wasted directly to thickening tanks, 
thus insuring process stability. Air re- 
quirements, averaging about 0.2 eu. ft. 
per gallon, were close to the minimum 
needed to keep solids in suspension in 
the aeration tanks and distribution 
channels. Process effluent, including 
that from the thickening tanks, aver- 
aged 31 p.p.m. of suspended solids and 
B.O.D. The combination of activated 
aeration and activated sludge accom- 
plished a reduction of 86 and 85 per 
cent in the respective raw sewage sus- 
pended solids and B.O.D. These effi- 
ciencies were significantly increased 
when the activated aeration detention 
time was increased to 4.4 hr. 


Acknowledgments 


Thanks are extended to D. B. Keehan 
and the operating staff of the Wards 
Island sewage treatment plant for their 
cooperation in conducting this plant- 
scale investigation. The author wishes 
to express his gratitude to W. N. Tor- 
pey, Senior Civil Engineer, for his aid 
and advice in conducting these tests 
and in presenting the data, and to Com- 
missioner Frederick H. Zurmuhlen, 


whose deep interest in improved tech- 
niques made the operational tests pos- 
sible. 


2. Leiner, F., ‘‘ A New Activated Sludge Proc- 
ess for Partial Treatment.’’ Gesundh.- 
Ing., 57, 323 (1934); abs. Sewage 
Works Jour., 7, 3, 585 (May, 1935). 


by 

ant 

| 

4 


BIOCHEMICAL DEGRADATION OF SYNTHETIC 
DETERGENTS * 


I. Preliminary Studies 


By Ricuarp H. Bogan ¢ AND N. SAWYER 


Massachusetts Institute of Technology, Cambridge, Mass. 


The relatively recent appearance of 
synthetic organic detergents and their 
rapidly expanding use in the place of 
soaps has had an adverse effect on 
sewage treatment and on water purifi- 
eation. Numerous reports (1) (2) (3) 
tell of excessive frothing in the aera- 
tion tanks of activated sludge plants. 
It has been claimed that synthetic de- 
tergents seriously interfere with water 
treatment processes. Recent reports 
(4) (5) would indicate that as little as 
1 to 2 p.p.m. of anionic surface-active 
agents can have a serious effect on 
chemical coagulation and on lime soft- 
ening. Little is known at the present 
time regarding the effects syndets have 
on fresh-water gamefish. However, it 
has been reported (6)(7) that certain 
synthetic detergents may be toxie to 
fresh-water fish in concentrations not 
much greater than currently being en- 
countered in some receiving waters. Se- 
rious questions have been raised con- 
cerning the ability of conventional 
sewage treatment processes to cope with 
these synthetic detergents. 

This investigation was concerned 
with the biochemical degradation of the 
principal detergent types used in com- 
pounding the retail mixtures of com- 
merce at the time of the study. Of 
immediate concern was the biochemical 
oxidation of these syndets, both under 
conditions representative of biological 
sewage treatment practice and under 
conditions which simulate the natural 
biological purification processes of re- 
ceiving waters. 
~~ * Presented at 25th Annual Meeting, New 
England Sewage and Industrial Wastes Assn. ; 
Boston, Mass.; April 22-23, 1954. 

t Present address: Department of Civil En- 
gineering, University of Washington, Seattle, 
Wash. 


Fundamental Considerations 


The aerobic biological degradation 
of naturally occurring organic com- 
pounds has been the subject of much 
study. Although the aerobic metabol- 
ism of carbohydrates, fats, proteins, 
and related substances is not yet fully 
understood, sufficient knowledge does 
exist for the successful application of 
aerobic biological purification processes 
in sewage treatment and for a practi- 
eal evaluation of the purification ca- 
pacity of receiving streams for natural 
organic pollutants. The advent of syn- 
thetic detergents has witnessed the in- 
troduction of appreciable quantities of 
man-made organic compounds into sew- 
age and some surface waters. Many 
of these synthetics bear little resem- 
blence to the naturally occurring or- 
ganic substances hither-to encountered. 
It is small wonder serious doubts have 
been raised regarding the susceptibility 
of many synthetic detergents to bio- 
logical degradation. 

Consideration of the rather unique 
physical chemical behavior of syndets— 
such as their lack of sensitivity to Ca‘ 
and Mg** ions and their ability to 
decrease surface energies—helps to ex- 
plain how these substances could be 
troublesome. However, this does not 
fully explain why syndets have been a 
problem. There is one fundamental 
question which underlies all the other 
problems associated with synthetic de- 
tergents and that is their susceptibility 
to biological degradation. It should be 
recognized that if the biochemical be- 
havior of syndets was similar to that 
of common soaps they would be of little 
concern. Obviously, if all synthetic 
detergents were readily assimilated by 
conventional biological sewage treat- 
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ment processes or by the natural bio- 
logical purification agencies of receiv- 
ing waters they would not persist for 
long and, consequently, would have 
little opportunity to make their pres- 
ence felt. 


Selection of Commercial Syndets 
for Study 


Since the first introduction of syn- 
thetic detergents to the United States, 
more than 20 years ago, hundreds of 
synthetic surface active agents have 
been developed and patented. Today, 
there are available commercially many 
hundreds of surface-active agents, rep- 
resenting practically all classes of or- 
ganic compounds. Current develop- 
ments are aimed largely at producing 
specific agents to meet rigid specifica- 
tions for specialized application and, 
also, at producing general purpose 
agents on a large scale and at a lower 
The synthetic detergents for 
household and most industrial usage 
fall into the latter group. Signifi- 
cantly, only a relatively few compounds 
have been employed to date in appreci- 
able quantities. 

Synthetic detergents have been 
classified as anionic, cationic, or non- 
ionic, according to the ionizing nature 
of the hydrophilic group of the de- 
tergent molecule. The anionic type cur- 
rently represents approximately 85 per 
cent of the syndets encountered in sew- 
age treatment practice (8). The non- 
ionies represent approximately 10 per 
cent of the total syndet production 
and are reported as finding increased 
popularity (9). The balance of the 
syndets are represented chiefly by the 
eationics. 

The cationic surface-active agents 
are not widely used for their washing 
ability, but are most generally em- 
ployed for their bactericidal and bac- 
teriostatic properties. A highly sig- 
nificant characteristic of the cationic 
agents is that they are precipitated by 
anionic types and thereby lose their 
identity as surface-active agents, as 
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well as their bactericidal properties. 
Most of the cationics are undoubtedly 
removed as a component of the sludge 
in primary tanks and, consequently, 
would not be a factor in subsequent 
aerobic biological treatment or in re- 
ceiving waters where secondary treat- 
ment is not practiced. 

The annual production and sales data 
published by the United States Tariff 
Commission (8) have been used as a 
basis for the selection of those com- 
mercial synthetic detergent types which 
should be studied. These data have 
been summarized in Table I, where the 
major syndet classes and types and 
representative commercial products are 
shown, together with the annual pound- 
age produced and the relative per- 
centage which each category repre- 
sents. 

Experimental Procedure 

The procedure employed in_ these 
studies was to follow the biochemical 
oxidation of commercial synthetic de- 
tergents by means of the Warburg ap- 
paratus and by the standard dilution 
B.O.D. technique (10). An acclimated 
activated sludge and domestic sewage 
were used as seed in the B.O.D. de- 
terminations. 

The activated sludges used through- 
out the preliminary studies were de- 
veloped from a domestic sewage seed 
and were maintained on a twice daily 
feeding of Weinberger’s synthetic sew- 
age (11). This synthetic sewage has a 
5-day B.O.D. of approximately 210 
p.p.m., a pH of 8.2, 6.2 p.p.m. soluble 
phosphorus, 13.7 p.p.m. urea nitrogen, 
and approximately 25.3 p.p.m. of total 
nitrogen. Aeration solids were main- 
tained at 1,200 to 1,500 p.p.m. by wast- 
ing mixed liquor according to daily sus- 
pended solids determinations. The lab- 
oratory activated sludge apparatus 
used was the same as that described by 
Helmers et al. (12). 

In preparing the activated sludges 
for Warburg and B.O.D. analyses a 
48-to 60-hr. adaptation period was em- 
ployed. Each commercial synthetic de- 
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TABLE I.—Relative Quantities of Major Synthetic Detergent Types 


Annual Production 


| 
| 1950 1951 1952 
= 


Surface-Active Agents, 1949 
Class and Chemical Type 


(108 Ib.) Total | 10" Ib.) | 76,04 | (108 tb.) Ib.) | 


I. Anionic 381 88.5 | 56 87.5 | 612 636 86 
A. Cyclic 206.9 | 48 350 52 | 429.5 |6 446.5 | 60.5 
1. Alkyl benzene and petroleum} 186.7 | 43.4 | 324.7 48.3 | 400.4 | 51.9} 391.5 | 52.9 
aromatic compounds, sul- | 
| 


fonated! 
Ultrawet DS, k 
Santomerse 3 
Naccanol NRSF 
Kreelon 8D, 8G | 
2. Alkyl naphthene compounds,| 2.2 3.4] 05) ‘2. 0.4 
sulfonated 
Naccasol A | 
3. All other sulfated and sul- | f 218: 33 | 3.7 
fonated cyclic compounds? 
Acyelie 38 241.3 | 35.6 26.3 189.5 
1. Acids, sulfated and sul- 3. 4.2 0.6 06 3.3 
fonated 
2. Alcohols, esters, and petro- 8 170.1 | 25.1 18.5 | 139.7 
leum aliphatic compounds, 
sulfated and sulfonated 
Laury] sulfate, Dupanol C 
Ester of sodium isethion- 
ate, Igepon AP-78 
3. Nitrogen-containing, sul- 
fated and sulfonated 
Sulfonated amide 
Sodium-N-methy]-N-oleoy] 
taurate 
Igepon T-77 
4. Oils, fats, and waxes, sul- 
fated and sulfonated* 


II. Nonionic 
A. Cyclic 
1. Polyhydric alcohol ethers‘ 
Neutronyx 600 
Igepal CA-630 
B. Acyclic 
1. Polyhydric alcohol esters, 
ethers, and amides® 
Armour Ethofats 
Armour Ethomids 
Polyglycol ethers 
Pluronics 


III. Cationics 18 4.5] 33 4.9| 30 4.7} 41 5.5 


1 All members of this group have been typed as dedecyl benzene sulfonates and are generally 
referred to as such. 

? Includes salts of lignosulfonic acid and many speciality products, such as sulfated and sul- 
fonated phenyl esters, substituted biphenyls, and phenyl phenols. These substances are used 
principally in specific industrial applications. 

* Consists principally of a large number of speciality products used in the textile industry; the 
majority are similar to the sulfated alcohols and acids. 

‘ Principal type alkylphenoxy polyethoxy ethanol. 

5 Principal types, fatty acid esters and amides of polyethylene oxide. 
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tergent studied was added to the syn- 
thetic sewage during four consecutive 
feedings, using 50 p.p.m. of active 
agent. The sludge was not fed during 
the 24 hr. preceding its final use as the 
biological medium in Warburg and 
B.O.D. studies; this minimized the 
carry-over of unassimilated organic 
matter and provided a sludge which 
was generally in an endogenous state 
of respiration. Activated sludge con- 
centrations of approximately 4,000 to 
5,000 p.p.m. were used in the Warburg 
flasks. Seed material for the B.O.D. 
test was prepared by agitating 200 to 
300 ml. of mixed liquor in a Waring 
blender for 30 sec. and then settling 
to separate coarse material from dis- 
persed cells; 2 ml. of supernatant was 
used per liter of dilution water. 

After a sludge had been used it was 
allowed to rest for 5 to 7 days, during 
which time it was fed synthetic sewage 
as before and reseeded daily with do- 
mestic sewage. Following this resting 
period the sludge was re-used as be- 
fore with another synthetic detergent. 

Generally, six activated sludge sys- 
tems were kept in continual use with 
two under study, two undergoing ac- 
climation, and the last two being rested. 
In certain cases where frothing was 
not controllable by adjusting the air 
supply, a commercial antifoaming 
agent (Dow Corning Antifoam A) 
was employed; usually 2 drops of this 
material would control foaming be- 
tween feedings. 


Experimental Results 


For this investigation 36 different 
commercial synthetic detergents were 
obtained in the purest possible form 
from the principal manufacturers. 
Representative B.O.D. data and War- 
burg results obtained using 16 of these 
commercial detergents are briefly sum- 
marized in Table II and Figures 1 
through 11. These data clearly illus- 
trate two fundamental characteristics 
of all the detergents studied. First, all 
the major syndet types were susceptible 


SEWAGE AND INDUSTRIAL WASTES 


September, 1954 


to some degree of biochemical oxida- 
tion. Second, there was a considerable 
variation in susceptibility to biological 
degradation among members of the 
same chemical type, as well as among 
different detergent classes. These re- 
sults are especially interesting in light 
of the conclusions of others (6) (13), 
which inferred that certain synthetic 
detergents, notably the alkyl aryl sul- 
fonates, are biologically inert. 

As shown in Table II, the use of 
acclimated activated sludges for seed- 
ing purposes in the B.O.D. determina- 
tions generally resulted in an increase 
in the values obtained, even though the 
activated sludge had been acclimated 
for only 48 to 60 hr. This increase in 
B.0O.D. values was most. pronounced 
with the more biologically resistant 
synthetic detergents, as might be ex- 
pected, and it shows that these sub- 
stances are not biologically inert. 

The B.O.D. data in Table IT are con- 
sidered indicative of the potential be- 
havior of these syndets in receiving 
waters. The Warburg data illustrate 
the general biochemical behavior of 
the principal detergent classes and 
types under aerobic conditions ap- 
proaching the most rigorous oxidative 
environment generally attainable in 
biological sewage treatment practice. 
Certain types of syndets appear to be 
readily available as bacterial food and, 
therefore, are subject to rapid biologi- 
cal stabilization; ineluded this 
group are the alkyl sulfates (Figure 
3), sulfonated fatty acid amides (Fig- 
ure 5), sulfonated fatty acid esters 
(Figure 4), and certain fatty acid 
amides and esters of low molecular 
weight polyethylene glycols (Figures 
7 and 9). The remaining synthetic de- 
tergents are at least partially available 
as bacterial food and, hence, are sub- 
ject to a slight to moderate degree of 
biological degradation ; included in this 
category are the alyklbenzene sulfon- 
ates (Figure 1), alkylnaphthalene sul- 
fonate (Figure 2), the alkylphenoxy 
polyethylene oxide type (Figure 11), 
and derivatives of high molecular 
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FIGURE 2 
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FIGURES 1-4.—Oxygen utilized in Warburg apparatus. 
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FIGURES 5-6.—Oxygen utilized in Warburg apparatus. 


weight polyethylene glycols such as the 
amides (Figure 8), the esters (Figure 
10), and the ethers (Figure 6). 

These results indicate that classifica- 
tion of synthetic detergents as anionic 
or nonionic substances has little, if 
any, biochemical significance insofar as 
biological sewage treatment and _ bio- 
logical purification of receiving waters 
are concerned. Examination of the 
data in Table II indicates that the 
alkyl aryl sulfonates behaved in one of 
two ways; either they were only spar- 
ingly assimilated or they were assimi- 
lated at a comparatively rapid rate. 
Generically, there is no basis for dif- 
ferentiating the alkylbenzene sulfon- 
ates of commerce and yet biochemically, 
so to speak, a marked difference does 
exist. 

At no time throughout these studies 
was there any noticeable deterioration 


of the activated sludges due to the ad- 
dition or presence of a synthetic de- 
tergent. The only unusual occurrence 
noted was a tendency of as much as 
30 to 40 per cent of the aeration solids 
to rise to the surface immediately after 
aeration was halted. This phenomenon 
was of a random nature; its occurrence 
was neither related to the type of syn- 
det present nor was it consistent. The 
floating solids tended to settle out as 
large loose floc particles after approxi- 
mately 30 min.; gentle agitation helped 
to hasten their subsidence. Countless 
small bubbles, just visible to the naked 
eye, were observed in the floating 
sludge mass. 


Discussion 


A continued increase in the produc- 
tion and use of certain synthetic de- 
tergent types can be expected to ac- 
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FIGURES 7-10.—Oxygen utilized in Warburg apparatus. 
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FIGURE 11.—Oxygen utilized in 
Warburg apparatus. 


centuate many of the problems cur- 
rently resulting from the presence of 
some synthetic organic surface-active 
agents in sewage and in receiving wa- 
ters. The situation may become ex- 
tremely serious in some locations, par- 
ticularly if there is a continued trend 
toward a greater use of the synthetic 
detergent types which are most re- 
sistant to biological degradation. With 
such materials, adequate dilution is the 
only sure way of dissipating their ef- 
feets in receiving waters. 

Although the physical chemical 
properties of surface-active agents have 
a marked bearing on the effects caused 
by these substances, it is their bio- 
chemical behavior which determines 
whether or not a given syndet will be 
a problem. Most of the syndet-induced 
problems have arisen because of a 
fundamental difference in the physical 
chemical behavior of common soaps and 
synthetic detergents. Common soaps, 
unlike synthetic detergents, are read- 
ily precipitated or removed as scum in 
settling tanks or in receiving waters by 
naturally occurring calcium and mag- 
nesium ions. Consequently, most syn- 
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thetic detergents, unlike common soaps, 
pass right through primary tanks and 
are still free to act as surface-active 
avents and to travel great distances in 
receiving streams, as shown in Figure 
12. 

Some syndets in concentrations as 
low as 5 p.p.m. are reported capable 
of forming very stable emulsions in 
ordinary domestic sewage (14). Be- 
cause of the physical chemical be- 
havior of synthetic detergents, several 
workers have predicted increased load- 
ings on secondary treatment processes 
or on receiving waters where secondary 
facilities are not provided (14) (15) 
(16). Figures 12 and 13 illustrate 
certain fundamental differences in the 
physical chemical behavior of synthetic 
detergents and common soaps in sew- 
ave and in receiving streams. 

The real burden of removing syn- 
thetic detergents from sewage has 
fallen on the accelerated biological 
purification processes of sewage treat- 
ment and on the natural biological puri- 
fication processes of receiving waters. 
Certain synthetic detergents, such as 
the alkyl sulfate and the anionic fatty 
esters and amides, are readily assimi- 
lated by the mixed biological cultures 
indigenous to domestic sewage and, 
consequently, are not likely to be 
trouble makers. Other detergents, such 
as the alkylbenzene sulfonates and the 
alkylphenoxy polygycols, are only spar- 
ingly or very slowly assimilated by the 
mixed microbiological cultures of prac- 
tice and are the source of most of the 
problems associated with synthetic de- 
tergents. Current commercial trends 
appear to be toward ever-increasing 
use of the latter group of syndets at 
the expense of the readily assimilated 
types (8) (9). 

There is an immediate and real need 
for fundamental knowledge of the bio- 
chemical behavior of the principle syn- 
thetic detergent types. Some studies 
have been made both in the U. 8S. and 
abroad with a limited number of com- 
mercial synthetic detergents and with 
certain retail products. Plant-seale 
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FIGURE 12.—Physical chemical behavior of soaps and synthetic detergents during 
primary treatment. 


studies with commercial syndets can 
be of real significance in showing the 
effects that different  surface-active 
agents have on sewage treatment and 
in indicating the efficacy of various 
treatment processes in removing these 
substances from sewage. Unfortu- 
nately, the nature and composition of 
most syndets studied—and quite often 
the experimental conditions—have not 
been adequately defined. Studies using 
retail packaged products have been of 
even less value unless the composition 
of the product at the time of study 
was well defined, a condition seldom 
realized, as the composition of a trade 
name product is generally being con- 
stantly varied and also may differ con- 
siderably from region to region. The 
results of this research demonstrate the 
need of a more basic approach to the 
study of the biochemical behavior of 
synthetic detergents. 
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Summary and Conclusions 


A systematic survey of the major 
synthetic detergents of commerce has 
been made. The biochemical behavior 
of these syndets was studied under 
conditions representative of biological 
sewage treatment practice and under 
conditions which simulate the natural 
biological purification processes of re- 
ceiving waters. The results of these 
preliminary studies show the following : 


1. All the principal anionic and non- 
ionic synthetic detergent types are sus- 
ceptible to some degree of biological de- 
vradation. 

2. There is a considerable variation 
in susceptibility to biological degrada- 
tion, both among members of the same 
chemical type and among different de- 
tergent classes. 

3. The observed resistance of syndets 
to biochemical oxidation is an extrinsic 
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FIGURE 13.—Effect of chemical constitution on removal of fatty acids in primary tanks. 


SOAPS 
ae 
i! 


property of the biological medium. A 
relatively brief adaptation period of 
48 to 60 hr. generally resulted in an 
increase in the extent to which the 
more resistant synthetic detergents 
were oxidized. 

4. Certain synthetic detergent types 
are readily available as bacterial food 
and, therefore, are subject to rapid bio- 
logical stabilization; included in this 
group are the alkyl sulfates, sulfonated 
fatty acid amides and esters, and cer- 
tain derivatives of low molecular 
weight polyethylene glycols. 

5. The alkylaryl sulfonates, alkyl- 
phenoxy polyglycols, and derivatives of 
high molecular weight polyethylene 
glycols are biochemically stabilized at 
a relatively slow rate. 
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6. Classification of synthetic deter- 
gents as anionic or nonionie substances 
has little, if any, biochemical signifi- 
cance insofar biological sewage 
treatment and biological purification 
of receiving waters are concerned. 

7. The biochemical degradation of 
synthetic detergents is a function of 
their chemical constitution and can be 
strongly influenced by seemingly small 
changes in the nature of certain mole- 
cular components. 
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EFFECT OF SYNTHETIC DETERGENTS ON THE 
SETTLING OF SUSPENDED SOLIDS 


By P. N. Deaens, Jr., H. VAN DER ZER, AND J. D. KoMMER 


Royal Shell Laboratory; Division of Sewage and Water Purification, Netherlands Public 
Works Department; and Royal Shell Laboratory, respectively, Amsterdam, Netherlands 


Sewage plant managers often express 
the fear that settling of suspended sol- 
ids in primary settling tanks is ad- 
versely affected by synthetic detergents 
on account of their dispersing proper- 
ties even in hard water. Fatty acid 
soaps, on the other hand, lose their 
dispersing properties in hard water. 

Given such an adverse effect the re- 
sult would be that: 


1. The quantity of precipitated 
sludge is smaller, so that less methane 
is formed. 

2. The sludge may be much more 
bulky, so that per cubic meter of sludge 


less organic matter is processed in the 
methane fermentation tanks. 

3. The clarified liquid contains a 
larger quantity of nonsettled organic 
particles, so that the biological purifi- 
cation plant is more heavily loaded. 


The experiments on the influence of 
syndets on the primary settling of raw 
described in literature are 
rather contradictory. Goldthorpe (3), 
Lumb (6), and Rudolfs (10), for in- 
stance, conclude from their laboratory 
experiments with Imhoff cones that 
syndets at a concentration of 100 p.p.m. 
(as sold) have an adverse effect on 
the sedimentation of the settleable sol- 
ids. Sperry (13) also comes to this 
conclusion by comparing his statistical 
operation data of the years 1938-50. 
In drawing this conclusion, however, 
no allowance has been made for a pos- 
sible decrease in the quantity of pri- 
mary sludge due to a decrease in fatty 
acid soap consumption during the last 
few years. 

Other investigators—for example, 
Gaillard (1), Hurley (4), Merrill (8), 


sewage 


Oldham (9), and Sciver (11)—con- 
elude from their laboratory experi- 
ments that no influence of anionic 
(alkyl sulfates, Teepol; as well as 
alkylaryl sulfonates, Dreft) or non- 
ionic (Lissapol N) syndets (up to 100 
p-p.m. as sold) on the primary settling 
is noticeable. This could even be con- 
firmed by Hurley (4) in full-scale ex- 
periments with Teepol. 

To obtain more data, the authors of 
this paper have also made sedimenta- 
tion experiments in Imhoff cones with 
synthetic sewage to which different 
quantities of detergents had been added. 
The fatty acid soap /syndets ratio was 
thus kept completely under control. 

The standard procedure followed for 
the preparation of the synthetic sew- 
age was such that the precipitate of 
the calcium fatty acid soap was finely 
dispersed and could not settle. This 
was done because there also are indi- 
cations that in practice only a very 
small quantity of the calcium fatty 
acid soaps is carried out in the pri- 
mary sludge. 

Gehm (2), for instance, found that 
laundry waste, which is discharged in 
large quantities on Mondays and Tues- 
days, caused the increase in strength 
to be proportionally much greater in 
the settled than in the raw 
sewage. According to him this might 
be attributable to the fact that the 
suspended solids in the laundry wastes 
are finely dispersed and settle less read- 
ily than the suspended matter in sew- 
age. 

Lumb (7), on the other hand, says 
that where soap is used substantially 
in the household the whole of it finds 
its way naturally into the sludge via 


sewage 


1081 


: ‘ 
é 
¥ 
x 
x 
¥ 
eke 


1082 


the hardness of the water, and is then 
available as a producer of methane 

The last concept fits with theory, for 
the water and soap consumption per 
capita, as well as the hardness of the 
Water, is generally such that all the 
fatty acid soap is present in the sew- 
age as the calcium salt and only a 
small quantity of this caleium salt will 
be dissolved motecularly. 

On the basis of solubility of calcium 
stearate (46 mg. per liter) (see 12) 
in water with 0.05 per cent sodium 
chloride it can be caleulated that a 
water hardness of more than 50 p.p.m. 
only slightly influences the quantity of 
calcium stearate which remains dis- 
solved, for from Figure 1 it is evident 
that when the hardness of the water 
is raised from 50 p.p.m. to 300 p.p.m. 
calcium oxide the solubility of the cal- 
cium stearate only decreases from 15 
to 6 mg. per liter. 

In general, therefore, it may be ex- 
pected that the bulk of the calcium 
fatty acid soap in sewage has precipi- 
tated, but it will depend on the nature 
of this precipitate whether it will settle 
and be discharged with the primary 
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sludge, or will be carried along with 
the settled sewage to the biological 
purification section. 

It has been found that the nature 
of a calcium stearate precipitate de- 
pends largely on the conditions under 
which the calcium salt is formed. 
When, as is usual in the washing proe- 
ess, the suds are made in hot water, 
a finely dispersed, colloidal precipitate 
is formed which does not settle. If 
the suds are made in cold water, how- 
ever, only a flaky, settleable precipitate 
of the calcium soap is formed when the 
water has a high degree of hardness 
(Table I). 

The results (Table Il) obtained by 
determining the fatty acid content 
(5) in an Imhoff cone before and after 
l-hr. settling in some samples of raw 
sewage taken at various times from the 
Amsterdam-West sewage works show 
that, on an average 80 per cent of the 
fatty acids present in the Amsterdam 
raw sewage in the form of calcium 
soaps does not settle under the given 
experimental conditions. 

The foregoing facts point in the 
same direction as indicated by Gehm 
(2); that is, a considerable part of the 


_ Addition of 150 p.p.m. of sodium stearate per liter of water 
- Adiition of 100 p.p.m, of sodium stearate per liter of water 


4 
20 60 100 120 140 160 180 200 220 240 260 280 300 


Original Hardness of the Water (p.p.m. CaO) 


FIGURE 1.—Solubility of calcium stearate in water (+ 0.05 per cent NaCl) of different 


degrees of hardness (after addition of 100 and 150 p.p.m. of sodium stearate). 
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EFFECTS OF SYNDETS 


TABLE I.—Nature of Calcium Stearate Precipitate Formed under Various Conditions 


Hardness of CaCl}: Solution (p.p.m. CaO) 


150 mg. sodium stearate | Turbid, no sludge | Same 
added to 1 1. of hot,| after standing 1 hr. 
diluted CaCl, solu- 

> tion | 
150 mg. sodium stearate | Turbid, no sludge 


15 ml. of sludge after | 60 ml. of sludge after 
1 hr.; about 30% of | 1 hr.; about 80% of 
the calcium soap had | the caletum soap had 
settled according to| settled according to 
B.O.D. test | B.O.D. test 


added to 1 1. of cold, after standing 1 hr. 
diluted CaCl, solu- | 
tion 


| 
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| 
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calcium fatty acid soaps will be car- — stirring and then poured into 400 ml. 
ried along with the settled sewage and of boiling tap water. The 500 ml. of 
will not settle as sludge. dirty suds (solution B) thus obtained 
In the settling experiments in the was cooled and mixed with 1 1. of the 
laboratory, therefore, such conditions faeces water (solution A). 
of calcium stearate formation have been 
chosen that a colloidal, dispersed pre- Procedure of Settling Experiments 
cipitate is formed which does not settle Synthetic sewage (solution C) in the 
after standing for 1 hr. in an Imhoff amount of 1 1. was poured into an 
cone. In this way reproducible and — Tmhoff cone and after 1 hr. the sludge 
comparable results are obtained con- — yolume was read off. The effluent was 
cerning the effect of syndets on the then carefully passed into a flask to 
sedimentation of the faeces, which form — constitute the effluent sample. The 
the bulk of the primary sludge. sludge with part of the effluent was 
quantitatively rinsed into a 50-ml. 
measuring evlinder. After settling, the 
The synthetic sewage consisted of a supernatant liquid was sucked off until 
mixture of faeces and urine in tap the remaining quantity in the 50-ml. 
water to which carbon black, starch, measuring cylinder was equal to the 
and peptone had been added. The sludge volume in the Imhoff cone. 
faeces and urine were diluted with tap This remaining quantity was kept in 
water (hardness 140 p.p.m. caleium ox- 
- ide) to such a degree that the mixture, TABLE II.— Fatty Acid Content in 


Preparation of Synthetic Sewage 


after having been put aside for 1 hr. Raw and Settled Sewage 
in an Imhoff cone, had a sludge volune 
of about 30 ml. (solution A). This Stee Metll his | Fatty Acid in | (Ratio of Fatty 
Raw Sewage | Settled Sewage | TAcid, Raw to 
concentration of sludge, which was 
much higher than that found in prae- 
tice, was chosen so as to have a suffi- 42 38 | 90 
cient quantity of sludge available for 15 | 54 | 72 
the various analyses. To a_ beaker | 
glass with 100 ml. of distilled water 105 87 83 
were added 150 mg. of peptone, 150 131 98 75 
mg. of soluble starch, 15 mg. of norit, 120 100 84 
and the quantity of detergent neces- sh ne poh 


sary ultimately to obtain the desired 
concentration in 1.5 1. of water. This 
mixture was brought to a boil while 2 Average. 
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a flask and represented the sludge sam- 
ple 


Results of Settling Experiments 


Details of the six test series with 
Teepol and sodium stearate are given 
in Tables [Ila and IVa, those of the 
experiments with Lissapol N and _ so- 
dium stearate in Tables [IIb and IVb. 


The dry solids content and the car- 
bon content of the various sludge and 


effluent samples were determined (wet 


oxidation method), as well as the 
B.O.D. value of the effluent samples. 
To obtain comparable results each Sludge Analysis 
time, a series of five sedimentation 
tests was started simultaneously with 
the same faeces solution A; specifically, 
a blank (solution A + solution B with- 
out syndets and soap), and four ex- 
periments with solution A + solution 
Is in which the soap and syndets con- 
centrates were varied. The conecentra- 
tions of fatty acid soap in the synthetic 
sewage (solution A + solution B = so- 


Average sludge analyses of the vari- 
ous test series of Table IIL are sum- 
marized in Table V. 

According to a statistical analysis of 
the results, the differences found be- 
tween the various test series and the 
blanks are not significant, so that the 
following conclusions can be drawn: 


1. Under the given test conditions 
lution C) varied from 0 to 150 p.p.m., the sludge volume read off after 1 hr. 
those of the svndets from 75 to0 p.p.m. jin an Imhoff 
calculated on active matter. 

The effect of two types of syndets 
on the settling of the suspended solids 


cone is the same for 
Teepol and Lissapol N at varying quan- 
tities of fatty acid soap and syndets. 
2. The concentration of dry solids in 
was determined; namely, of an anionic the sludge remains the same at the 
detergent of the sodium alkyl sulfate yarious concentrations and ratios of 
type (Teepol) and of a nonionic poly- the two detergents examined. From 
glycol ether of an alkylated phenol this it may be concluded that the 
(Lissapol N). sludge has not become more bulky 
In view of the spread in the results, (bulky sludge) with respect to the 
each test series was carried out at least blank in the presence of these syndets 
in five-fold and by statistical treatment in the sewage. 
of the results the actual significance of 3. The carbon content of the sludge 
the differences obtained with the vari- is constant, so that in all cases a simi- 
ous proportions of fatty acid soap and lar quantity of organic matter of 
syndets was determined, the quantity identical nature has settled. This 
of dry matter (carbon compounds) means that the methane production 
added to the sodium stearate and the from the sludge of the various test se- 
syndets being taken into account. ries can be expected to be the same. 


TABLE V.—Average Results of Sludge Analyses (from Table III) 


Detergent Added With Teepol With Lissapol N 
p.p.m.) Addition Addition 


Sodium Sludge Dry Carbon Sludge Dry | Carbon 
Stearate : Vol. (ml.) Solids (mg.) (mg.) | Vol. (ml.) Solids (mg.) | (mg.) 
0 0 2 | 349 156 23 +| 382 | 181 
150 0 26 346 152 23 328 152 
100 25 26 | 337 153 23 357 | 163 
50 50 25 | 338 | 157 233 | 359 | 174 
0 75 2 | 332 165 23 364 | 162 


Active matter. 
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Effluent Analysis 


The foregoing conclusions also can 
be drawn from the analytical results of 
the effluent (see Table VI), specifically : 

1. The quantity of dry solids in the 
effluent remains the same for the vari- 
ous detergent concentrations when the 
quantity of dry solids added is taken 
into account, for the detergents added 
have mainly dissolved in the effluent 
or have remained suspended. 

2. From the B.O.D. values of the 
effluent and the quantity of carbon it 
can also be concluded that with respect 
to the blanks the quantity of organic 
matter remaining behind in the efflu- 
ent as a result of the influence of the 
detergents added is not larger than is 
to be expected on the basis of these 
additions. 

Conclusion 


Under the conditions of the experi- 
ments no adverse influence on the sedi- 
mentation of raw synthetic sewage is 
observed as a result of the presence of 
Teepol (a secondary alkyl sulfate) or 
Lissapol N (a polyglycol ether of an 
alkylated phenol) in concentrations of 
25 to 75 p.p.m. active matter. 

The quantities and the volumes of 
the settled organic mass are in all cases 
equal to those of the blank. No indi- 
cations have therefore been obtained 
that less (and or more bulky) sludge 
has settled under the influence of these 
types of svndets, with resulting heavier 
loading of the biological treatment 
units. 
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With Teepol Addition! 
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Carbon (mg.) 
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In 
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Dry Solids (mg.) 
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(p.p.m.) 
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Stearate 


| Syndets? 


1 The Teepol used contains 6 to 7 per cent Na,SO, in addition to 21.7 per cent active matter. 


2 Active matter. 
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must be carried on long before an at- 
tack becomes probable. 

Suggested emergency _ sanitation 
measures include use of excreta bags, 
manholes, latrines, and 
toilets. 

Under post-attack operation, the bul- 
letin gives a check list of general pro- 
cedures to be followed in assessing the 
situation and the repairs needed, then 
notes some of the repair items that 
may be required on short notice. 

The pamphlet is available as ‘‘ Civil 
Defense Technical Bulletin TB—13-10’’ 
(June, 1954) from the Superintendent 
of Documents, U. 8S. Government 
Printing Office, Washington 25, D. C., 
at $0.05 per copy. 
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STANDARDS FOR SANITARY SEWERS AND PRESENT 
COMMUNITY NEEDS * 


By C. C. Spencer 


Director, Division of Environmental Sanitation, Erie County Department of Health, 
Buffalo, N. Y. 


Difficulty with sewage collection and 
disposal is one of the most troublesome 
symptoms of ‘‘suburbanitis,’’ a malady 
of metropolitan districts which is caus- 
ing noticeable distress in many parts 
of the country. The rapid develop- 
ment of new residential communities 
in townships adjacent to the larger 
cities results in requirements for drain- 
age and other services which severely 
strain local finances. At the same time 
building sites provided with public wa- 
ter and sewerage are in great demand, 
and increasingly hard to find. 

At a recent conference on land plan- 
ning in Buffalo, it was stated that the 
present Town Law of New York is in 
need of considerable modification to 
permit the towns to cope with the de- 
mands for services which are being 
placed upon them by rapid growth. 
Provision of trunk sewers is particu- 
larly difficult under present law. 

It is axiomatic that effective com- 
munity planning is the best protection 
against unsound land development, but 
in many towns planning boards have 
little enforcement power and act chiefly 
in an advisory capacity. 

In the absence of any well-formu- 
lated drainage plan, and because of 
the section in the State Public Health 
Law requiring Health Department ap- 
proval of water and sewage arrange- 
ments in subdivisions, publie health 
engineers often find it necessary to ac- 
cept sewerage arrangements which do 
not seem in accord with the best long- 


* Presented at 1954 Annual Meeting, New 
York Sewage and Industrial Wastes Assn.; 
New York, N. Y.; Jan. 21-22, 1954. 


term community development. In Erie 
County, where the soil generally has 
low absorptive capacity, it is felt that 
public sewers usually offer the pre- 
ferred solution and that they will prove 
more economical in the long run than 
private disposal systems. This is not 
equally true in rural areas where 
houses are scattered and are con- 
structed on large lots. 

In many growing communities local 
officials must sooner or later seek an 
answer to such questions as the follow- 


ing: 


What is the extent of the metropoli- 
tan area which should be served with 
public sewers as its develops? 

What, if anything, should be done 
to discourage within the foregoing area 
any development which is not to be 
served by public sewerage? 


There are many difficulties which 
sometimes prevent construction of sani- 
tary sewers in new areas, and where 
satisfactory types of private sewage 
disposal systems are proposed it be- 
comes necessary for the Health Depart- 
ment to approve them. It is realized, 
of course, that construction of a few 
private systems in a neighborhood may 
interfere with future financing of pub- 
lie sewers, because owners of houses 
equipped with private systems are re- 
luctant to support construction of a 
publie system. 

It is also necessary to recognize, how- 
ever, that many of the sanitary sewers 
being built are failing to perform their 
function satisfactorily. 
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Operating Difficulties 


In every township within Erie 
County where sanitary sewers have 
been constructed, severe problems have 
due to flooding of 
and surcharging of sewers with ground 
and water. The intense and 
often bitter reaction of the public to 
incidents of this type can only be fully 
appreciated by the public official who 
must explain the occurrences to those 
affected. 
in overloading of treatment units and 
impairment of their pollution abate- 
ment function. Actually, these sani- 
tary lines are being used as combined 


sewers. 


arisen basements 


surface 


Such eonditions also result 


Moreover, where storm drains 
are built they often receive sanitary 
drainage. In one sanitary sewer dis- 
trict the sewage flow increases tenfold 
at the treatment works after storms, 
although there are overflows from the 
system to the stream at other points. 
In another district the recently built 
sanitary sewers flowed full after rain, 
even before all house connections were 
made. Connection of these sewers to 
an adjacent village system increased 
the overload on the village sewers, ne- 
cessitating installation of an overflow 
to a surface ditch. There was full-time 
inspection provided on these sewers. A 
further case may be 
finished passed leakage tests 
under the supervision of the designing 
engineer. Flow at this treatment plant 
increases fourfold within one hour af- 
ter rainfall begins. Very little storm 
flow reaches these lines from roofs or 


streets. 


cited where the 
system 


TABLE I.—Results of 24-Hr. Composite 
Tests of Raw Sewage' 


Plant | 5-Day D. | Sol Date 
| p.p.m,.) p.p.m 
A S84 248 5/1 
B 72 61 | 4/30 
C 74 45 | 4/29 
D 92 120 «4/28 


1 No rain for one week prior to samples. 
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In some areas surcharged sanitary 
laterals are being equipped with over- 
flows to relief sewers. This practice re- 
quires construction of the relief lines 
at excessive depths and is therefore un- 
economical. It also is a violation of 
present state requirements. 

Table I shows the results of 24-hr. 
composite tests of raw sewage at several 
treatment plants made by the Erie 
County laboratory. 

All of these plants serve residential 
communities and no industrial cooling 
or process water reaches the sewers. 
It is believed that the diluted char- 
acter of the flow is due to ground wa- 
ter, and that admission of ground wa- 
ter to the sewers plays an important 
part in the difficulties previously out- 
lined. 

Many other instances could be cited 
to show that sanitary sewers are not 
performing in the manner intended by 
the designer. Their utility is thereby 
greatly impaired. Correction of the 
existing defects and prevention of ad- 
ditional ones will require increased at- 
tention on the part of consulting en- 
vineers and the understanding and c¢o- 
operation of contractors, home builders, 
municipal officials, and regulatory 
agencies. The issues must also be made 
clear to the public using the sewers. 

If it can be shown that sewers to 
handle ground or surface water are 
needed, provision should be made for 
them in the early stages of community 
development. If separate sewers are 
not provided, consideration should be 
given to providing the necessary extra 
capacity in the single sewer which is 
built. 

Proper enforcement of permissible 
sewer uses is the responsibility of the 
owner. The adoption of an adequate 
local ordinance such as that recom- 
mended by the Federation of Sewage 
Works Associations (1) is very helpful 
in this regard. The introduction to 
this states: ‘‘There is no 
question but that many problems of 
sewage treatment can be eliminated or 


ordinance 
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partially solved by proper regulation 
of the sewage collection system. With- 
out such control a sewer system can 
not render satisfactory service and be- 
comes a hazard to the public safety 
and entails a substantial waste of funds 
used for corrective construction.”’ 

The financing of sewers for a grow- 
ing area is often the controlling factor 
in view of present high construction 
costs and local debt limitations. The 
collecting system cost customarily ex- 
ceeds that of treatment and may ae- 
count for more than 90 per cent of the 
cost of sewerage. Any possible method 
for reducing the cost of the sewers 
themselves, therefore, deserves very 
close attention. 


Ground-Water Considerations 


In a new area, consideration must 
be given to drainage of ground water 
and surface runoff, as well as to sani- 
New York State is using 
the standards of the Upper Mississippi 


tary sewage. 


and Great Lakes Boards of Public 
Health Engineers, which state that only 
separate sewers will be considered un- 
less special conditions exist. The per- 
mit is issued on the condition that only 
sanitary flow and no ground or surface 
waters be admitted. The standards 
appear to assume that storm-water sew- 
ers will eventually be provided, but 
little is done to require such construe- 
tion until conditions become sufficiently 
unacceptable to create a public 
mand. Most towns are strained to the 
utmost to construct sanitary lines, with- 
out even considering storm sewers, 
which cost an equal amount or more. 
At the same time, new homes have ex- 
perienced trouble with ground water 
in sO many instances that the FHA 
and VA require that footing drains be 
provided on those properties where 
they guarantee loans. These agencies 
specify such drains be connected to a 
sewer, Which they assume was designed 
to receive it. In the absence of storm 
or combined sewers, many builders con- 
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nect foundation drainage to a sanitary 
line. 

Footing drain tiles are now usually 
placed inside foundation walls and sur- 
rounded by gravel, crushed stone or 
cinders. Sometimes weep holes are 
placed through cellar wall footings to 
relieve pressure on basement walls in 
the event of flooding. Ground water 
outside the foundation or from roof 
leaders discharging near the house may, 
therefore, reach the footing drains, 
which are commonly connected to the 
cellar drain. This is usually followed 
by a trap and perhaps a backflow pre- 
vention device before the drains are 
connected to the house sewer. After 
a rain, sanitary sewers become sur- 
charged, frequently to an extent that 
they back up into house sewers and 
flood cellars. When the house sewer be- 
comes inoperative the discharge from 
footing drains adds to the liquid in the 
cellar. 

If a backup prevention device be- 
tween the floor drain and house sewer 
is installed and maintained properly, 
sewage will not reach the cellar; but 
at the same time footing drainage can- 
not escape and will overflow into the 
cellar. Cellars, therefore, may con- 
tain storm water, or sewage, or a mix- 
ture of the two, and may become hold- 
ing tanks until excessive water can 
escape through the sanitary sewer. 

Some home owners attempt to con- 
trol these conditions by installing 
standpipes in the cellar drain extend- 
ing up to about the level of the laundry 
tray overflow. If the junction between 
the floor and wall is waterproof this 
will be successful in moderate storms 
unless the floor cracks or fails under 
the pressure created. 

Surcharging of sanitary sewers may 
result from one or more of the follow- 
ing: 


1. Footing drainage. 
Roof drainage. 
3. Leaking joints in 
tive house connection, 
ete, 


sewers, defec- 
cracked pipe, 
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4. Leaking manhole covers or abuse 
of manholes to drain surface water. 


5. Discharge of street receivers to 


sanitary sewers. 


In many cases where trouble has been 
experienced, roof drainage is not in- 
volved. It should never be permitted 
in a sanitary system. It is believed that 
the increase in sanitary flow after 
storms is too rapid to be due entirely 
to infiltration in the as the 
street sewers are usually surrounded 
by clay and covered with pavement. 
The worst where street re- 
ceivers discharge to sanitary sewers. 
This results in discharge of surface 
runoff through sewers into basements. 

The amount of water reaching foot- 
ing drains depends on the care used in 
construction and on local and 
drainage conditions. Some contractors 
backfill around the foundation with 
rubble and loose soil, inviting excessive 


sewers, 


abuse is 


soil 


seepage of surface water, and also ne- 
glect to slope the ground away from 
structures. Because of many variations 
in construction practices and soil char- 
acter it is impractical to predict flow 
in footing drains and it is held by some 
to be insignificant after the first year 
or two. However, various observations 
in Erie County indicate that two 4-in. 
open tile drains beneath cellars may 
flow one-half full in the first year and 
about 14 in. deep after five years. In 
the first footing drains from a 
single house could discharge at a rate 
of 65,000 g.p.d. to the sewers. Such a 
rate has actually been observed. In 


Case, 


the latter case, the flow might approxi- 
mate a 3,000-g.p.d. rate. Current state 
standards for sanitary sewers call for 
a capacity of 400 g.p.d. in laterals flow- 
ing full, or an allowance of about 1,400 
g.p.d. per house. The capacity of an 
8-in. lateral at minimum grade equals 
450,000 g.p.d. At 1,400 gal. per house 
such a handle about 300 
On the other hand, footing 
drains from 6 or 7 houses can exhaust 
its capacity at the high rates deseribed. 


sewer can 


houses. 
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It is evident that surcharging of an 
8-in. lateral cannot be prevented by 
providing a relief overflow at its lower 
end if its eapacity is exeeeded up- 
stream of the point of overflow, al- 
though this is sometimes proposed as a 
remedy. Full correction of flooding 
will often require construction of an 
entirely new sewer. 

There are several suggested methods 
for eliminating difficulty from footing 
drains, as follows: 


1. Enforce the prohibitions against 
connecting floor and footing drains to 
sanitary sewers. This has proven very 
difficult, especially after houses are 
completed. It will usually require in- 
stalling a sump and pump to discharge 
these flows to the street gutters. FHA 
is now insisting on this in certain low 
areas for new houses. Building codes 
should be revised to prohibit connec- 
tion of footing drains to sanitary sew- 
ers. 

2. Eliminate cellar floor and footing 
drain from the house. This will re- 
quire considerable steel reinforcing of 
the cellar floor and walls and is not 
recommended by builders or by Fed- 
eral agencies which guarantee mort- 
gages. The writer has observed an 8- 
in. floor slab raised 4 in. and cracked 
by water pressure, although reinforced 
in both directions with %<-in. rods. 

3. Permit connection of footing 
drains and make sanitary sewers large 
enough to carry the additional flow. 
This is impractical if the flow reaches 
the quantity previously stated for new 
construction, because a 3-ft. diameter 
sewer would be required where an 8- 
in. one is now sufficient. However, it 
is doubtful that it will be possible to 
eliminate footing connections in all the 
places where they are now installed 
and provision of 3,000 to 5,000 g.p.d. 
extra capacity per house should be con- 
sidered in proposed systems. 


Infiltration tests of all sewers under 
supervision of the owner or consulting 
engineer should be mandatory. They 
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must be preceded by inspection dur- 
ing construction to make sure pipe is 
well bedded and joints are complete 
and tight. The manner of making house 
connections may be a big source of 
trouble and should also be closely 
watched. 

Additional studies are needed to de- 
termine the peak flows on laterals 
where footing drains are connected. 
Some work on this problem is being 
done by one consulting engineer in 
Erie County. 


New Systems 


In view of the difficulties outlined, 
it is believed that sewer systems for 
residential communities should be 
planned in the future to include some 
footing drainage. At the same time 
measures must be taken to limit this 
ground-water flow by careful super- 
vision of the construction of house 
basements. Backfilling around eellar 
walls should be of selected material 
properly compacted and the ground 
should slope away from the house. 

It further appears that there may 
be valid reasons for considering some 
type of combined sewers in some new 
residential communities. The need for 
making provision for drainage of 
ground water and surface runoff, as 
well as sanitary sewage, is frequently 
well established. Few communities can 
now make financial provision for sepa- 
rate systems and it is doubtful if the 
costs of such double construction are 
always justifiable because of the pub- 
lie health considerations involved. The 
wording of the New York State Water 
Pollution Control Act and its classifi- 
cation system, referring to reasonable 
standards of quality for streams, 
seems to indicate that a combined sewer 
system with overflows to the stream 
during storm periods is permissible for 
certain conditions and that it may rep- 
resent the most economical solution. It 
would, of course, increase the difficulty 
of maintaining minimum velocities in 
dry weather. It appears that the de- 
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cision regarding the type of system 
should be made by the consulting en- 
gineer, based on local drainage needs 
and cost considerations, and that if a 
combined system is selected, adequate 
protection of the stream is still pos- 
sible. However, the widespread agree- 
ment among health departments that 
only separate systems should be per- 
mitted requires close examination of 
this suggestion. 

It is probable that even where sani- 
tary sewers are installed they will often 
continue to be used as combined sewers, 
and this fact will influence the success 
of pollution abatement measures. In 
one Erie County community the com- 
plete treatment plant has an efficiency 
of only 65 per cent and the sanitary 
sewers overflow continuously to the 
stream at various points. Nevertheless, 
the stream meets the required D classi- 
fication of the New York Water Pol- 
lution Control Act except for the pres- 
ence of occasional visible floating solids. 
There is a need to improve and extend 
understanding of the effect which storm 
overflows have on receiving streams. 

Palmer (2) points out that the op- 
erational problems involved in main- 
taining a separate system as such have 
not been successfully solved, particu- 
larly in the larger systems. He states 
that sanitary connections improperly 
find their way into storm sewers, and 
storm connections into sanitary sewers, 
and concludes that costs of separate 
systems are prohibitive and not com- 
mensurate with the results possible to 
achieve. As a part of his study, sam- 
ples of storm-water runoff from the 
land surface were collected at catch 
basins and compared with the quality 
of overflows from combined sewers, 
with the approximate results shown in 
Table II. It is probable that the char- 
acteristics of both types of drainage 
will be erratic, but that both may in- 
fluence stream pollution during storm 
runoff. 

Drury (3) also emphasizes the many 
difficulties in the construction and use 
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TABLE II. 


Sample M.P.N 
Storm water 500,000 
Combined sewer overflow 4,000,000 


of separate sewers and the economy in- 
herent in combined systems. The latter 
type also permits some treatment of 
the first flush of solids from streets, 
which may be important when the re- 
ceiving stream is small. He refers to 
a combined system for Midland, Mich., 
that appears to operate satisfactorily 
and is designed to handle sanitary sew- 


age and runoff from roofs, but not 
from streets. 

Metealf and Eddy (4) state that 
separate sewers are often adopted 


without a thorough study of the com- 
parative merits of separate and com- 
bined systems. They also emphasize 
the annoyance and damage which re- 
sult) from and ground water 
reaching sanitary sewers, pointing out 


storm 


that the effect of these abuses increases 
They de- 
scribe one city which was compelled to 
double the size of its treatment plant, 
due to the entrance of ground water 
One of the 
most important sources of this water 


as the system grows older. 


into the separate system, 


was believed to be drainage from wet 
They conclude by questioning 
how long such conditions may be toler- 


cellars. 


ated without justifying the conclusion 
that the separate system in any case is 
a failure. 

In England and Germany, where 
available dilution is apt to be small, 
it has long been the practice to utilize 
combined sewers and to give treatment 
to storm water up to about six times 
the dry-weather flow. In the United 
States, interception of 2 to 3 times the 
dry-weather flow is usually practiced, 
with indications that treatment of 
higher amounts of storm water are not 
justified by the increasing amount of 
pollution control secured. 
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Approximate Analysis of Surface Runoff and Combined Overflow 


B.O.D. Vol. Sol Susp Bol 
(p.p.m.) | (p.p.m.) (p.p.m 

150 300 

50 — 250 


and Manning (5) Akerlindh 
(6), and Theroux and Meek (7) have 
recently proposed methods for deter- 
mining the amount of combined sewage 
which should be diverted to treatment 
in order to keep pollution of the stream 
within prescribed limits. 

Akerlindh (6) demonstrates that a 
mutual interdependence often prevails 
between the amount of storm flow di- 
verted for treatment and the required 
degree of treatment for the dry-weather 
flow, and that this problem must be 
evaluated separately for the bacterio- 
logical and biochemical effects on the 
stream. In other words, total pollution 
is the sum of treatment plant discharge 
plus occasional overflows or discharge 
from storm drains. 

It is not the intention here to mini- 
mize the difficulty of determining in 
advance the effect which overflows from 
combined sewers will have on the re- 
ceiving stream, but to outline certain 
conditions indicating that 
sewers do not significantly conflict with 
programs for stream pollution abate- 
The type of effeet which over- 
flows have may be shown by the fol- 
lowing example: If the discharge from 
a storm overflow is expressed as q,, the 
dry-weather flow as q., and the flow in 
the system due to precipitation as q,, 
then 


Iless 


combined 


ment. 


ds = dz — Tq: 


where rq, is the flow diverted for treat- 
ment. 

With a population density of 10 per 
acre at a per capita flow of 100 g.p.d., 
the dry-weather flow is equivalent to 
the runoff produced by a rainfall in- 
tensity of 0.003 in. per hour after land 
surfaces are wetted and where the time 
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of concentration is 30 min. It has been 
shown (2) that runoff to sewers does 
not usually occur until precipitation 
exceeds 0.03 in. per hour. Therefore, 
if r= 3, a surplus discharge equal to 
the dry-weather flow will occur for a 
storm with an intensity of 0.039 in. per 
hour. For successive increments in 
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rainfall intensity, it is possible to com- 
pute the resulting overflow gq, for 
storms of 1-hr. duration as shown in 
Figure 1. It is generally agreed that 
the most significant pollutional effect 
on the stream will result from low- 
intensity storms, especially those of 
considerable duration. 
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FIGURE 1.—Chart for computing resulting sewage overflow for storms of 1-hr. duration 
and various intensities. 
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On Figure 1 has also been shown the 
number of 1-hr. storms of various in- 
tensities expected each year at Buffalo, 
N. Y., as reported by Carstensen and 
other investigators of the Buffalo Sewer 
Authority. 

Also indicated on Figure 1 is the 
probable effect on a small stream in 
Erie County due to a combined sewer 
system and secondary sewage treatment 
plant serving 7,500 persons. The total 
B.O.D. loading on this stream in 
pounds per hour, and the resulting 
initial concentration of B.O.D. in p.p.m. 
is shown for various amounts of over- 
flow, assuming uniform mixing in the 
sewers and stream. 

Although Figure 1 is not held to 
have general applicability, it appears 
that for the stated conditions the most 
critical loading on the stream will be 
caused by rainfall intensities from 0.05 
to 0.07 in. per hour for storms of 1-hr. 
duration. Such conditions can be ex- 
pected four to five times a month. 
Storms of greater duration and the 
same intensity would be more signifi- 
cant but occur less frequently. 

Experience in Western New York in- 
dicates that such occasional overflows 
resulting from storms are not likely to 
cause serious oxygen depletion in 
streams. It may be that suspended sol- 
ids and bacteria reaching streams 
through overflows will be of greater sig- 
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nificance than B.O.D. These factors 
are more easily subject to control, how- 
ever, by sedimentation and chlorina- 
tion of the overflow when necessary. 
Where the stream is not used for water 
supply or bathing the most objection- 
able conditions noted due to overflows 
are visible floating solids. 

MeKee (8) states that if twice the 
dry-weather flow is intercepted, less 
than 3 per cent of the domestic sewage 
escapes in overflows which oceur only 
five to six times per month and which 
will not have a significant effect on 
pollution. He adds that increasing the 
diversion to 10 times the dry-weather 
flow will only cut the frequency of 
overflow to three per month. 

It is concluded that combined sewers 
adequate for controlled amounts of 
ground and surface water are economi- 
cally desirable in some new residential 
areas, and that such systems ean be 
designed to meet the requirements of 
pollution abatement programs and pub- 
lic health. 
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COMPARATIVE STUDIES OF THE DILUTION AND 
WARBURG METHODS FOR DETERMINING 
B.O.D. * 


By Epwin W. Ler AND WILLIAM J. OSWALD 


Research Engineere, Sanitary Engineering Laboratories, University of California, 
Berkeley, Calif. 


Since its introduction by Caldwell 
and Langelier (1) in 1948, the War- 
burg constant-volume technique has 
come to be regarded as the most useful 
of the manometric methods for B.O.D. 
determinations. Caldwell and Lange- 
lier, however, as well as other investi- 
gators (2)(3)(4)(5), eall attention to 
the difficulty of interpreting results ob- 
tained by the manometric technique be- 
cause they are not strictly comparable 
to those obtained by the ‘‘Standard 
Method’’ (6) dilution method. 

The studies herein reported were 
undertaken for the purpose of obtain- 
ing data from which a more accurate 
relationship between results of B.O.D. 
determinations by the two methods 
might be established. They involved 
the simultaneous application of the 
Warburg technique and the dilution 
method to a number of liquid wastes 
under as nearly identical conditions as 
could be obtained without significantly 
altering either procedure. The deoxy- 
genation constant, k, the first-stage 
B.O.D., L, and the lag period were the 
parameters chosen for comparison, and 
efforts were made to discover the pos- 
sible origin of the observed difference 
in values of these parameters as ob- 
tained by the two methods. At the same 
time, the Warburg technique was 
critically examined both from the 
standpoint of its cost and its utility as 
a routine testing procedure for the 
analytical laboratory. Observations 

* Presented at 1953 Annual Meeting, Cali- 
fornia Sewage and Industrial Wastes Assn.; 
Santa Barbara, Calif.; April 22-25, 1953. 


were performed in duplicate and a 
total of 130 sets of comparable data 
were obtained by the two methods. 


Materials and Methods 
Five major variables were, within 


practical limits, held constant during 
the comparative B.O.D. tests. These 


were used in parallel experiments in- 
volving the two testing techniques. As 
shown in Table I, five experiments 
were run with fresh domestic sewage; 
two with synthetic sewages (7)—one 


fresh and one sterile; four with sterile 
domestic sewage; and two with solu- 
tions of standard glutamic acid (8). 
Domestic sewage which had been steril- 
ized in the laboratory was utilized be- 
cause in studies of algal-bacterial sym- 
biosis it had proved capable of main- 
taining a reasonably constant B.O.D. 
for at least two years (9) when prop- 
erly bottled and stored. Glutamie acid 
and synthetic sewage were included be- 
cause of a recent widespread interest 
in such materials as a possible source 
of constant sewage in research. Fresh 
domestic sewage was employed because 
it may differ greatly in B.O.D. char- 
acteristics from sterile or synthetic 
sewages and because of its importance 
in problems of waste disposal. 


Seeding Material 


Two types of seeding material were 
used—fresh sewage and frozen sewage 
(5)—as shown in Table I. Frozen 
sewage seed was used in the first ex- 
periments because of the desirability 
of holding the factor of seeding ma- 
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TABLE I.—Outline of Comparable B.O.D. Tests Performed Simultaneously 


by the Dilution and Warburg Techniques 


Test No Type of Sewage Source of Sewage Type of Seed 
| Fresh domestic Richmond City | Fresh sewage 
2 Fresh domestic San Pablo City | Fresh sewage 
5 Fresh domestic East Bay Munic. Util. Dist. Fresh sewage 
t Fresh domestic S.F. Richmond-Sunset Dist. Fresh sewage 
7) Fresh domestic S.F. North Point District Fresh sewage 
6 Fresh synthetic See Ref. (7) Fresh sewage 
a Sterile svnthetic See Ref. (7) Fresh sewage 
8 Sterile domestic S.F. Richmond-Sunset Dist. Frozen sewage 
9 Sterile domestic S.F. Richmond-Sunset Dist. Frozen sewage 
10 Sterile domestic S.F. Richmond-Sunset Dist. Frozen sewage 
11 Sterile domestic S8.F. Richmond-Sunset Dist. Frozen sewage 
12 300 p.p.m. glutamic acid See Ref. (9) Frozen sewage 
13 300 p.p.m. glutamic acid See Ref. (9) | Frozen sewage 


terial constant throughout the study. 
As pointed out by Sawyer et al. (8), 
the need for eliminating seed as a 
variable in B.O.D. studies is very great. 
It was found, however, that an objec- 
tionable lag period was introduced by 
the use of frozen seed, hence in some 
of the later experiments fresh sewage 
seed was utilized. 


Dilution Water 


Dilution water was held constant 
throughout the experimental work ex- 
cept in the glutamic acid tests, where 
a pH adjustment was made to deter- 
mine its effect. The dilution water 
was prepared by adding ‘‘Standard 
Methods’’ solutions A, B, C, and D to 
distilled water in the recommended 
amounts. The distilled water contained 
less than 0.001 p.p.m. of copper. This 
dilution water, made up in 19-1. lots, 
was aged at 25° C. for at least one 
week, but not more than two weeks. 
The water was aerated for 4 hr. and 
‘rested’? for 12 hr. prior to use. Just 
before startine a series of tests, a 
volume of seed suspension amounting 
to 0.2 per cent by volume was added 
and dispersed in the dilution water. 


Temperature and Time of Incubation 


Throughout the experiments a hold- 


ing temperature of 25° C. was main- 
tained for both techniques. This was 


the lowest practicable constant tem- 
perature at which both techniques 
could be performed with the available 
equipment. Comparable tests involv- 
ing daily measurements were run si- 
multaneously, and generally were con- 
tinued for at least 10 days. 


Experimental Techniques 


In the Warburg tests the techniques 
recommended by Ludwig eft al. (5) 
were followed. Two ml. of the samples 
and 2 ml. of the dilution water-seed 
suspension were used. In the dilution 
tests, the techniques recommended in 
‘*Standard Methods’’ were followed ex- 
cept a temperature of 25° C. was sub- 
stituted for the recommended 20° C, 
As previously mentioned, duplicate de- 
terminations were made in both tech- 
niques. The average of these two values 
was reported as the observed B.O.D. 
For incubation periods up to 10 days, 
duplicates generally differed by less 
than 5 per cent in the Warburg tests 
and by less than 10 per cent in the 
‘*Standard”” dilution tests. 

Although identical substrate, seed, 
dilution water, temperature, and incu- 
bation time were used in each of the 
comparable tests, the relative concen- 
trations of three of these factors (that 
is, seed, diluting water, and sewage) 
are inherently different in the two 
methods. Table IT presents a compari- 
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son of the ratios of volume of each 
factor to the total test volume, and 
shows that the ratio of seed suspension 
volume to total test volume was the 
only identical component in the two 
methods. The ratio of seed volume to 
sewage volume and of sewage volume 
to total test volume were fixed at dif- 
ferent values because of the basic dif- 
ference in the two methods. 

The ratio differences indicated in 
Table Il must, within limits, be con- 
sidered inherent differences in the two 
techniques. Thus, the comparison of 
the two techniques is a practical rather 
than an absolute one. 


Results 
Magnitude of k and L 


The magnitude of the first-stage re- 
action velocity, k, the ultimate first- 
stage demand, L, and the lag periods 
for the comparable Warburg and di- 
lution experiments on the 13 different 
substrates shown in Table I are sum- 
marized in Table III. The values 
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TABLE II.—Ratios of Primary Components 
in Comparative Tests 


= 
| Dilution | Warburg 


| Technique | Technique 


Ratio of 
Component Volumes 


Seed volume to total test 
volume | 


Sewage volume to total 
test volume 

Seed volume 
volume 


to sewage 


As has been found by several in- 
vestigators, the values of / were some- 
what larger than usually expected at 
25° C. This might be due to the rela- 
tively large amounts of colloidal and 
dissolved organie material in the fil- 
tered sewage used in the experiments, 
as compared to normal unfiltered sew- 
age. Some of the reasons for large k 
values for filtered sewage have been 
pointed out by Heukelekian (3) (11). 
The values of & for the five experi- 
ments with domestic sewage were ap- 
proximately the same for the dilution 
and Warburg techniques, the average 


shown 


were calculated from the ob- 


Warburg fk being 0.030 higher than 
the average dilution k. The Warburg 
k is the higher for the fresh synthetic 


served daily oxygen depletions by the 
‘*slope method.”’ 


TABLE III.—Comparison of k, Lag Period, and L for Dilution and Warburg Methods 


Ultimate! B.O.D., 


Reaction Rate, k Lag Period (days) Lian) 


Experi- 
ment 


Type of Sewage 
Number 


Dilution | Warburg 


Dilution | Warburg Dilution | Warburg 


| 0.298 — | 170 195 
| 


Fresh domestic 0.305 | 

Fresh domestic 0.336 0.287 — 101 109 

Fresh domestic 0.384 0.365 a 128 135 

Fresh domestic 0.148 0.255 — 130 143 

Fresh domestic 0.266 | 0.393 215 239 


0.204 
0.848 


Fresh synthetic 
Sterile synthetic 


0.264 193 
0.355 - | OF 149 


0.524 
0.824 


Sterile domestic 
Sterile domestic 
Sterile domestic 0.446 
Sterile domestic 0.278 

— 0.518 


0.689 | 0. 116 
0.659 142 
0.450 125 
0.235 .26 53 
0.508 — 


1.782 
2.230 


300 p.p.m. glutamic acid sol. 
300 p.p.m. glutamic acid sol. 


0.469 | 135 
0.512 - | 0.7 126 


! Theoretical. 


0.002 | 0.002 
. 0.016 0.500 
= 
2 | 
ag 7 188 
9 161 
10 | 131 
73 
13 165 
| 
\ a 
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FIGURE 1.—Comparative Warburg and dilution B.O.D. curves for five fresh 
domestic sewages. 


sewages, but much lower than the di- 
lution method k for the sterile syn- 
thetic sewage. The average k values 
for the four tests on sterile domestic 
sewage and frozen seed were approxi- 
mately the same for both methods. 
The dilution method k values were 
much higher than the Warburg for the 
300 p.p.m. glutamic acid. [This was 
undoubtedly caused by the higher in- 
itial pH (7.2) in the well-buffered di- 


TABLE IV.—-Ratio of Warburg to Dilution 
B.O.D. at 25° C. for Fresh Domestic 


Sewage 

Days After Start I . W arburg 
of Experiment Ratio Dilution 

| 1.22 

2 

3 1.07 

1.10 

5 1.10 

6 1.09 

7 1.06 


lution bottles as compared to the low 
pli (4.3) in the Warburg. ] 

The values of ultimate first-stage de- 
mand, L, for all 18 sewages averaged 
15 per cent higher for the Warburg 
than for the dilution technique. The 
Warburg L values averaged 10 per cent 
higher for the five fresh domestic sew- 
ages with fresh seed and 19 per cent 
higher for the four sterile domestic 
sewages with frozen seed. The War- 
burg L was about 6 per cent larger for 
fresh synthetic sewage, 26 per cent 
larger for sterile synthetic sewage, and 
averaged 27 per cent larger for the 
elutamie acid solutions. In general, 
the ratio of Warburg to dilution values 
of L appears to be larger when there 
was a considerable lag in the Warburg 
oxidation curve. 

To simplify plotting the data, the 
average value of daily duplicate de- 
terminations of the B.O.D. was caleu- 
lated as a percentage of the first-stage 
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L value for the dilution method of the 
corresponding sewage as in Figures 2 
and 3. When several sewages of the 
same type were analyzed (Figures 1, 
4, and 5), the average daily B.O.D. 
values in terms of per cent of LD for 
all samples were plotted, thereby pro- 
viding a single curve for each tech- 
nique. 


Experiments with Fresh Sewage Seed 


The average oxygen uptake of fresh 
domestic sewage with fresh sewage seed, 
as determined by the Warburg and the 
dilution methods, is shown in Figure 1. 
The Warburg values of 25° C. B.O.D. 
averaged about 10 per cent higher than 
those obtained by the dilution method 
until after the seventh day (Table IV). 

After six to eight days at 25° C., 
the dilution B.O.D. enters the nitrifica- 
tion stage and the B.O.D. exceeds that 
of the Warburg. The Warburg seldom 
shows a second stage, probably because 
the CO, adsorption causes the pH to 
become too high for nitrification to 
take place. 


COMPARATIVE STUDIES OF B.O.D. METHODS 


1101 


The fresh synthetic sewage curves 
(Figure 2) indicate a_ relationship 
similar to that of the fresh domestic 
sewage during the first stage. Each 
curve represents one experiment in- 
stead of an average of five as in Fig- 
ure 1, which may account for the some- 
what greater variation of observations 
from the fitted eurve. The dilution 
sample did not exhibit a second stage, 
although the Warburg sample showed 
a small increase after the eighth day. 

The B.O.D. curves for sterile syn- 
thetic sewage and for fresh sewage 
seed are shown in Figure 3. <A com- 
parison of these curves with those in 
Figure 2 reveals that the effect on the 
25° C. B.O.D. of sterilizing synthetic 
sewage is quite pronounced. There is 
a lag period of 0.79 days in the War- 
burg, after which oxidation takes place 
with a smaller k but with a greater 
B.O.D. after the third day, which 
reaches a maximum excess of 17 per 
cent on the sixth day. Thereafter the 
dilution sample entered the nitrifica- 
tion stage and, as before, exhibited a 
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FIGURE 2.—Comparative Warburg and dilution B.O.D. curves for unsterilized 
synthetic sewage. 
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greater rate of oxygen uptake than 
the Warburg sample. 

Sterilization of the substrate was the 
only difference in the experiments sum- 
marized in Figures 2 and 3; it must be 
concluded, therefore, that the profound 
difference in the two sets of curves is 
the result of sterilization. It has been 
observed that sterilization of either 
synthetic or domestic sewage will in- 
crease the pH from 1 to 1.5 units, and 
that in addition, colloidal ma- 
terial is coagulated and precipitated. 
Such a pil will produce a 
creater effect in the Warburg test than 
the dilution test, since the buffer 
capacity of the diluting water is more 
effective in the more dilute bottle mix- 


some 
change 


ture. Inasmuch as there was no ap- 
the dilution of 
fresh and sterile synthetic sewage, or 
the Warburg test on fresh synthetic 
sewage, it appears that the Warburg 
lag for sterile synthetic sewage was due 
primarily to the higher plII and the 
destruction of any which 
might have been present in the fresh 


lag in tests 


parent 


organisms 
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synthetic sewage during preparation. 
As shown in Table III, the first-stage 
demand of the synthetic sewage was 
considerably reduced by sterilization. 


Experiments with Frozen Seed 


The average B.O.D. curves for the 
four sterile sewages with 
frozen seed are shown in Figure 4. 
The Warburg curve again exhibits a 
lag period, followed by a quick rise 
to B.O.D. values greater than those of 
the dilution sample. As in the case 
of substrates seeded with fresh sewage 
seed, there was no significant tendency 
of the Warburg sample to enter a sec- 
ond The dilution sample ap- 
pears to have been inhibited by some 
factor also, and the curve rises only 
slightly at the time the nitrification 
stage would normally begin. If this 
factor is high pH in the ease of the 
Warburg sample, it is logical to pre- 


domestie 


stage. 


sume that the increase in pH due to 
sterilizing domestic sewage was in this 
case sufficient to inhibit the B.O.D. of 


the dilution sample. The lag period 
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FIGURE 3.—Comparative Warburg and dilution B.O.D. curves for sterilized 
synthetic sewage. 
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FIGURE 4.—Comparative Warburg and dilution B.O.D. curves for four sterile 
domestic sewages. 


for the Warburg curve is typical for 
Warburg B.O.D. results on sterile sew- 
age and frozen seed. Sinee the value 
of the Warburg B.O.D. is higher than 
the dilution, it is apparent that there 
was sufficient seed eventually to oxi- 
dize the organic matter. Many inde- 
pendent tests not reported herein have 
shown that the lag period for sterile 
domestic sewage is not eliminated by 
utilizing fresh sewage seed, although it 
can be diminished considerably. One 
factor contributing to the lag is the 
small amount of seed with respect to 
the amount of sewage when the same 
seeded dilution water is used for both 
the dilution and Warburg techniques. 

The average results for the two ex- 
periments with glutamie acid and 
frozen sewage seed are shown by the 
curves of Figure 5. The ratio of War- 
burg to dilution B.O.D. during the flat 
portion of the curves is approximately 
constant. Even though seeding and 
conditions in the Warburg test were 
not adequate to prevent a large lag pe- 
riod or to provide a larger value of k, 


the ultimate first-stage B.O.D. values 
for the Warburg tests were greater 
than for the dilution tests. The ulti- 
mate first-stage B.O.D. of the 300 p.p.m. 
glutamic acid and frozen seed is much 
less than the 217 + 10 p.p.m. at 20° C. 
reported by Sawyer (8) when adequate 
seed was present. Similar results have 
been obtained from other tests with 
glutamic acid and frozen seed, while 
well-seeded tests give B.O.D. values 
similar to Sawyer’s. 

Considerable additional investigation 
is necessary to determine the adequacy 
of frozen sewage as a source of a con- 
stant seed material. One of the un- 
desirable effects of freezing sewage for 
seed is the die-away of organisms which 
takes place on freezing and which con- 
tinues during storage. This reduction 
by freezing could result from a gen- 
eral kill and over-all loss in the num- 
ber of organisms, or from a selective 
killing of certain species. In the latter 
ease, a small sample from a highly di- 
luted aliquot of frozen seed material 
might contain only the dominant spe- 
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FIGURE 5.—Comparative Warburg and dilution B.O.D. curves for two glutamic acid 
(300 p.p.m.) solutions. 


cies originally present. Since a variety 
of different species of organisms will 
oxidize more components of a given 
waste than a few species, and since 
the B.O.D. was higher for the Warburg 
with more dilute seed, it appears that 
there were adequate numbers of species 
in the Warburg test as well as in the 
dilution tests, but that the Warburg 
seed was low in absolute numbers of 
bacteria. 

It is evident that the lag periods ob- 
served for sterile sewages and glutamic 
acid tested by the Warburg technique 
were due not only to the dilute frozen 
seed, but also to a slightly adverse 
hydrogen ion concentration to which 
the seed organisms must adapt. The 
relatively small volume of phosphate 
buffered dilution water used in the 


Warburg flasks (2 ml. of dilution wa- 
ter-seed mixture and 2 ml. of sample) 
does not provide sufficient buffer ca- 
pacity as compared with the standard 
dilution technique, which uses 300 ml. 


dilution water-seed mixture and about 
5 ml. of sample (see Table IT). It has 
been observed in many Warburg tests 
that the pH of the mixture rises above 
9.5 in the course of a 5-day test. Water 
blanks run simultaneously with these 
tests do not increase in pH, indicating 
that the increase is not due to acci- 
dental spillage or ‘‘creep’’ of the alka- 
line CO, absorbent. A similar pH in- 
crease is present in tests where dry 
soda lime, which could not spill, was 
used as a CO, absorbent. It appears 
that biological oxidation accompanied 
with CO, absorption in the Warburg 
destroys the small residual buffer ca- 
pacity of the sample, resulting in an 
increase in the pH. 

Figure 6 shows typical results with 
the Warburg technique for glutamic 
acid with an original low pH of 4.3, and 
after adjusting the pH to 7.0. Adjust- 
ing the pH seems practically to elimi- 
nate the lag period, but it also produced 
a considerable reduction in the B.O.D. 
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The glutamic acid with no pH adjust- 
ment shows a secondary B.O.D. rise, 
whereas the oxygen uptake is inhibited 
when the initial pH was adjusted to 
7.0. The absence of a second stage in 
the adjusted pH sample appears to be 
due to the high pH (9.0 to 10.0), 
reached after 5-day incubation, which 
is known to be inhibitive to nitrifica- 
tion (10). During the first five days 
of a Warburg test, the pH of the sub- 
strate will rise as much as 3 or more 
pH units. The unadjusted glutamic 
acid, starting at pH 4.3, will rise to 
between pH 7.0 and 8.0, while the 
sample adjusted to pH 7.0 will attain 
pH 9.5 or higher. Hence, in Figure 6, 
the unadjusted glutamic acid was in a 
pH range of 7.0 to 8.0 after 6 or 7 
days, which was satisfactory of nitrifi- 
cation, while the pH of the adjusted 
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glutamic acid was 9.5, which was too 
high for nitrification. If the adjusted 
pH sample had been sufficiently buf- 
fered to maintain a pl of 7.0, prob- 
ably a second stage would have oc- 
curred. 

Experiments in progress indicate 
that the Warburg lag period may be 
largely overcome by increasing the 
amount of seed used and by increasing 
the buffer capacity of the system. Seed 
volumes equal to 1 per cent of the 
dilution water, and double-or  triple- 
strength buffer in the dilution water, 
are being used. However, seeding 
must be kept to a minimum so that the 
B.O.D. of a waste will not be changed. 
Control of the pI rise in the Warburg 
method constitutes a major problem in 
developing this technique to general 


usage. 
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FIGURE 6.—Comparative Warburg B.O.D. curves for adjusted and unadjusted pH of 
glutamic acid (300 p.p.m.) solutions. 
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Depressions in Warburg B.O.D, Curves 


The depression of the Warburg 
B.O.D. curve after the fifth to seventh 
day of incubation, as shown for the 
adjusted pH glutamic acid of Figure 
6, is typical, and represents a_ fre- 
quently occurring phenomenon which 
warrants further study. Present data 
do not explain the causes of this de- 
pression of the B.O.D. curve. Since 
flasks containing seed and dilution wa- 
ter are used as control barometers in 
the Warburg method, and since these 
control barometers are used to deter- 
mine manometric deflection in the test 
flasks, it is possible that endogenous 
respiration of the seed organisms could 
at least partially account for the ap- 
pearance of a ‘‘negative”’ 
take. Another possible source of this 
effect could be the from the 
liquid of small amounts of some gas. 


oxygen up- 
release 


This is possible because of the large 
surface area-volume relationship that 
exists in the Warburg, together with 
the violent agitation to which the liquid 
is subjected, 
that 
Warbure during 


Since there is some indi- 
nitrification starts in the 
the normal carbon- 
aceous stage when the pI is not in- 
hibiting, and then ceases as the pli 
increases to inhibiting magnitude, it 
may be that some of the nitrified ma- 
terial is redueed, resulting in a ‘‘nega- 
tive’’ oxygen uptake. Of these ex- 
planations, it would seem most prob- 


cation 


able that endogenous respiration of the 
seed organisms in the control flask is 
the most likely. More work, however, 
this particular  phe- 
nomenon, because it would seem to offer 


is needed on 


an unusual opportunity for a greater 
understanding of the transient condi- 
tions which lead ultimately to the oxi- 
dation of ammonia. 


Comparison of Methods 
An evaluation of the comparative 
merits of the Warburg and dilution 
methods involves the consideration of 
some six factors, as follows: 
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1. Laboratory space required. 
2. Initial, maintenance, and opera- 
tional costs of necessary apparatus. 
3. Technical skill required to per- 
form tests. 
+. Time required to perform tests. 
5. Significance of results obtained. 
6. The relationship between results 
by the two methods. 


Laboratory Space 


In the experiments herein reported, 
the amount of laboratory space re- 
quired for apparatus was found to be 
approximately — the for both 
methods. The eapacity of the equip- 
ment, however, differs greatly. The 
number of samples that ean be handled 
daily without interruption in the War- 
burg is very limited. For example, a 
20-place apparatus used for normal 5- 
day B.O.D. tests will take only two 
new samples per day if samples are run 
in duplicate. This is a major limitation 
of the Warburg apparatus in labora- 
that must run many 
samples daily. When considerable 
number of points on the B.O.D. curve 
are the 
voted increases with 
the points, whereas the 
space devoted to Warburg tests is in- 
dependent of the amount of detail de- 
sired. 


same 


tories routine 


however, 
to dilution 
number of 


desired, space de- 


tests 


Costs 


The initial cost of equipment for the 
two methods is, of course, a funetion 
In general, it might 
be said that the apparatus for War- 
burg tests costs approximately twice as 
much as that the dilution 
method. Its maintenance is likewise 
much more costly. Operational costs 
are largely a function of the amount of 
detail required on the B.O.D. eurve. 
If only a single 5-day observation on 


of its capacity. 


used in 


the oxygen uptake curve is required, 
the dilution method should be appreci- 
ably cheaper. On the other hand, if 
many points are required, a single War- 
burg test may produce data that would 
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call for a number of dilution 


bottle tests. 


great 


Technical Skill and Time Required 


No significant difference has been 
noted in the skill required in the lab- 
oratory performance of either tech- 
nique, as both require a degree of tech- 
nical proficiency which can be devel- 
oped only through considerable experi- 
ence. The time spent per unit test set- 
up is about the same by either method, 
and the amount of detail required ordi- 
narily determines which technique re- 
quires the most time in a particular 
study. Based upon experimental work 
involving daily duplicate points for 10 
successive days, the Warburg required 
about one-tenth of the time to obtain 
equivalent data by dilution technique. 


Significance and Relationship of Re- 
sults 


All B.O.D. tests, regardless of tech- 
nique, have a common limitation in 
applying test results to predicting what 
will take place when the waste is actu- 
ally oxidized in a different environ- 
ment, such as a stream. The results 
from dilution tests are less limited in 
this respect because results from these 
tests have been applied to practical 
problems for many years. The utility 
of the Warburg in yielding detailed 
data may offset the disadvantage of 
lacking long experimental background 
if a relationship between the results of 
the two methods were established. The 
large number of points on oxidation 
curves obtainable with the Warburg 
readily show transient phenomena such 
as lag periods, second-order oxidative 
stages, and the onset of nitrification. 
Similar data utilizing the dilution 
method are obtainable only through 
long and time-consuming experiments 
with a large number of individual 
bottle tests. 


Summary and Conclusions 


1. Comparable tests have been per- 
formed to determine the relationship 
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between the Warburg B.O.D. and the 
dilution B.O.D. Results indicate the 
values of ultimate first-stage demand, 
L, averaged about 15 per cent higher 
for the Warburg than the dilution tech- 
nique. The values of reaction rate, kh, 
of fresh and sterile domestic sewage 
were approximately the same for the 
dilution and Warburg techniques. 

2. Frozen sewage seed as a source of 
constant seed material for B.O.D. de- 
terminations is not yet completely 
satisfactory and requires further in- 
vestigation, since die-away of bacteria 
appears to take place on freezing and 
continues through the storage period. 
3. The small quantities of ‘‘Stand- 
ard Methods’’ dilution water used in 
the Warburg technique does not buffer 
the higher pI! of sterilized sewage or 
the effect of CO, absorption on the pH 
of the solution. The initial higher pH 
contributes to the lag period, and the 
further increase in pH during ineuba- 
tion inhibits nitrification. <A highly 
buffered dilution water specifically de- 
signed for Warburg manometric B.O.D. 
determinations should be developed. 

4. The Warburg test, when applied 
to sterile wastes, is particularly sensi- 
tive to seed and nutrient relationships. 
The occurrence of lag periods may be 
indicative of insufficient seeding, either 
in number or variety of organisms. 
Thus, for samples that must be seeded, 
relatively large volumes of seed are 
added to the diluting water to insure 
that proper seeding is attained. Lag 
periods may rule out the possibility of 
using short-term Warburg results for 
industrial wastes or other wastes of 
unknown character, requiring that the 
test be carried on for at least three 
days, and preferably five days, if re- 
liable results are to be obtained. 

5. When a large number of routine 
B.O.D. samples must be tested daily 
the Warburg is not an applicable in- 
strument because of its limited ca- 
pacity. As the number of required 
points on the B.O.D. curve increases, 
the space devoted to dilution test in- 
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creases, Whereas the space devoted to 
Warburg test is independent of the 
amount of detail desired. The War- 
used to measure wastes 
range of strengths with 


burg can be 
having a wide 
one test, while a number of dilutions 
of one waste may be required to de- 
termine the strength by the dilution 
method, 

6. An evaluation indicates that the 
equipment and maintenance cost for 
the Warburg method may be as high 
as ten times as much per test as those 
of the dilution method. If many points 
are required on an oxygen uptake 
curve, a single Warburg test may suf- 
fice to produce the data, but many 
dilution bottle tests must be required. 

7. No significant difference has been 
noted in the technical ability required 
in the laboratory performance of either 
techniques as both require a degree of 
technical proficiency, which can be de- 
veloped only through considerable ex- 
perience. The time spent per unit test 
about the by either 


setup 1s 


same 
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method and the amount of detail re- 
quired ordinarily determines which 
technique requires the most time in a 
particular study. 

8. Because of application to practi- 
cal problems in the past, the dilution 
tests are presently less limited than 
the Warburg. The large number of 
points on an oxidation curve obtain- 
able with the Warburg readily shows 
transient phenomena, such as lag pe- 
oxidation stages, 
and the onset of nitrification. 


riods, second-order 
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POLLUTION REDUCTION IN COTTON FINISHING 
WASTES THROUGH PROCESS CHEMICAL 
CHANGES * 


By JosepH W. MAsseLLI AND M. GILBERT BURFORD 


Research Chemist and Consultant-Supervisor, Connecticut State Water Commission Laboratory, 
Wesleyan University, Middletown, Conn. 


Although many investigations in the 
past have been made to determine the 
polluting power of textile wastes, little 
attention has been paid to the chemical 
compounds which actually exert the 
B.O.D. and which impart other pollut- 
ing characteristics to the wastes. This 
phase of investigation is assuming more 
importance because of the accelerated 
activity of chemical manufacturers in 
producing many new synthetie chemi- 
eals for the processing of cloth. The 
increasing use of these chemicals is 
changing the characteristics of many 
mill effluents and a thorough study of 
their B.O.D. and other characteristics 
is long overdue. 

The routine analytical survey of the 
individual wastes in a mill gives a 
good picture of the polluting power 
and volume of the wastes. However, 
no indication of the reasons why a con- 
siderable B.O.D. is or is not discharged 
in a particular rinse is obtained. No 
information is given on the proportion 
of B.O.D. contributed by the cotton 
fiber or by the process chemicals. 

A considerable amount of this in- 
formation may be obtained through an 
inventory and B.O.D. survey of the 
process chemicals actually used in the 
plant. Inventory data are usually 
available in practically all plants and 

* Presented at 25th Annual Meeting, New 


England Sewage and Industrial Wastes Assn. ; 
Boston, Mass.; April 22-23, 1954. 


may be readily obtained. Analysis for 
B.0.D. of the more important process 
chemicals can be made and can be the 
basis for calculation of the contribution 
of the individual chemicals to the total 
plant B.O.D. or to the particular waste 
in which it is discharged. Information 
may thus be obtained on the chemical 
constituents of the wastes, the major 
B.O.D. sources, the major B.O.D. dis- 
charges, possible methods of treatment, 
and possibilities of pollution reduction 
through substitution of process chemi- 
cals. 
Inventory Survey 


Such an inventory and B.O.D. survey 
was made in conjunction with an 
analytical survey (1) on a cotton finish- 
ing mill which processed fairly heavy 
cloth (0.56 lb. per yard). Of this cloth, 
72 per cent was printed and 28 per 
cent was dyed. 

By inspection of the plant inventory, 
the exact amount of all chemicals used 
in amounts greater than 1 Ib. per 1,000 
Ib. of cloth was determined. Samples 
of all these chemicals were obtained 
and B.O.D. determinations were made 
where applicable. Part of these re- 
sults, along with the caleulated contri- 
bution in pounds of B.O.D. per 1,000 
Ib. of cloth, are recorded in Table I. 

The most striking revelation indi- 
cated by the inventory survey was the 
enormous appetite of cotton finishing 
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TABLE I.—Cotton Finishing Process 
Chemicals, Consumption and B.O.D. 


3.0.D 
{mount 
Used 

It 
1,000 (Ib 
1,000 Ib 
goods) 


Ib 


goods 


B-2 gum 

Wheat starch 

Pearl cornstarch 
Brytex gum No. 745 
KD gum 


Slashing starch 


© 


Total 


to 


Carboxymethylcellulose 
Hydroxyethylcellulose 
Tallow soup 

Nacconal NR 

Ultrawet 35 KX 

Acetic acid, 80% 
Mixture of 18 dves 
Cream softener, 25 
Formaldehyvde-bisulfite 


or 


= 
“1b 


3 
11 
13 
8 
5 


condensate 


Glycerine 

Sodium hydrosulfite 
Urea 

Finish 
Kierpine extra 
Merpol B 

Glucose 

Gelatin 

Caustic, 76% 

Soda ash 

Ammonia 
Potassium carbonate 
Trisodium phosphate 
Sodium perborate 
Sodium silicate 
Liquid soda bleach 
Hydrogen peroxide 
Sodium chloride 
Sodium dichromate 
Sulfuric acid 
Hydrochloric acid 


nee 


~ 


' Based on weight of chemical; for example, 
1 lb. of B-2 gum (61 per cent B.O.D.) would 
require 0.61 lb. of oxygen for stabilization. 

? Calculated from analytical survey. 

3 Apparently contained high water content; 


dry soaps averaged 130 to 150 per cent B.O.D. 


‘ Negligible B.O.D. assumed. 


The re- 
sults showed that a surprisingly high 


mills for process chemicals. 


total of 750 Ib. of chemicals was used 
to finish each 1,000 Ib. of cloth. 
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Many of these chemicals have high 
B.O.D., and calculations revealed that 
they would contribute a total of 148 
lb. of B.O.D. per 1,000 Ib. of cloth. 
Of this, all but approximately 28 Ib. 
incorporated in the finish size will be 
washed from the cloth during proces- 
In addition, as indicated by the 
analytical survey to be discussed later, 
about 40 Ib. of B.O.D. was extracted 
from the cloth during scouring. The 
total B.O.D. discharged to the stream 
thus amounted to 155 Ib. per 1,000 Ib. 
of cloth, which checked fairly well with 
the 123 lb. determined by the analytical 
survey, when one considers sampling, 
measuring difficulties, and possible re- 
actions. 

Another important conclusion from 
the inventory survey was the high con- 
sumption and contribution of starch or 
modified starch compounds. The re- 
sults showed that 150 Ib. of six starch 
compounds were used for each 1,000 
lb. of cloth. These averaged 55 per 
cent B.O.D. and contributed 56° per 
cent of the total plant B.O.D. Starch 
consumption is expected to be a little 
higher in the plant studied than in 
others because of its use for prepara- 
Ilowever, even 
if no printing at all were done, ap- 
proximately 120 Ib. per 1,000 Ib. would 
have been used for slashing and finish- 
Starch is therefore expected to 
be the major B.O.D. source in cotton 
finishing wastes. 

Tallow soap also has a high pollution 
potential because of its high consump- 
tion and high B.O.D. During the course 
of this survey, the plant in question con- 
verted to the use of an alkyl aryl sul- 
fonate detergent for washing and soap 
no longer was an important B.O.D. 
source. Calculations indicate, however, 
that it would have contributed 20 to 
35 per cent of the total plant B.O.D. 
if used. In all plants where soap is 
used for washing, therefore, it is ex- 
pected to be a major B.O.D. producer. 
If used in preliminary soaping out 
before dyeing, or as a penetrant aid in 


sing. 


tion of printing pastes. 


22 | 1 
16 55 
14 | 50 
1 61 : 
1 157 
96" 
150 
0 
97 14.0 
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dyeing, its contribution will be in- 
creased. 

A completely unexpected conclusion 
from the inventory survey was the high 
consumption and B.O.D. contribution 
of acetic acid. This compound con- 
tributed 9 per cent of the total plant 
B.O.D. 

In addition to these major B.O.D. 
sources, softener cream (sulfonated tal- 
low oil) contributed 5 per cent of the 
total B.O.D., kierpine extra (sulfon- 
ated tall and pine oil) contributed 2 
per cent, and Finish T.S. contributed 
2 per cent. 

Sodium hydrosulfite and other re- 
ducing compounds would con- 
tributed 4 per cent of the total B.O.D. 
if unoxidized. Most of these reducing 
compounds are oxidized in process, 
however, and only a small portion of 
their potential B.O.D. is exerted. 

The ten compounds mentioned thus 
far produced 74 per cent of the total 
B.O.D. load. In addition to this 
amount, compounds extracted from the 
fiber during scouring produced 20 per 
cent more. The remaining 6 per cent 
Was incorporated in approximately 60 
other compounds used by the plant. 

The cause for the decided alkalinity 
of cotton finishing wastes is readily 
revealed in the extremely high caustic 
consumption of 118 Ib. per 1,000 Ib. of 
cloth. In addition, the highly alkaline 
soda ash, ammonia, potassium earbon- 
ate, sodium phosphates, sodium per- 
borate, sodium silicate, and soap in- 
crease this to approximately 200 Ib. 
In contrast, only 45 lb. of acids are 
used to process each 1,000 Ib. of cloth. 

A complete inventory and B.O.D. 
survey of any mill, regardless of size, 
may be readily finished by one man in 
214 days. Because of the additional 
information and insight it provides on 
the characteristics and constituents of 
the waste, it should be used whenever 
any mill is being surveyed. Results 
obtained through it may be used to 
check and rationalize the results ob- 
tained through the analytical survey. 
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With it one may be able to deduce the 
actual compounds causing the B.O.D. 
in the particular waste discharges 
which are analyzed in the routine ana- 
lytical survey of the individual mill 
Wastes. 


Mill Waste Survey 


Part of the most significant results 
from the analytical survey of these in- 
dividual mill wastes are recorded in 
Table Il. These revealed that the ma- 
jor B.O.D. discharges from the mill 
were contained in the de-sizing and 
the scouring wastes. 


De-Sizing 


De-sizing wastes produced 35 per 
cent of the total plant B.O.D. The 
primary source of this B.O.D. is the 
slashing starch used in originally siz- 


TABLE II.—Major B.O.D. Discharges 
from a Cotton Finishing Mill 


BOD 


Department and Process : 
(ib Per- 
1,000 Ib. centage 
goods) of Total 


De-sizing: 


De-sizing 53 35 
Scouring: 
Pressure kier, first scour §3 | 16 
Pressure kier, second scour | 8 | 1 
Continuous scour 42 |} 15 
Bleaching: 
Hypochlorite bleach 8 3 
Peroxide bleach 3 | 1 
Mercerizing: 
Mercerizing 6 | 1 
Dyeing: 
Sulfur, jig | 30.8) 0.2 
Direct, jig 0.5 | 0.1 
Naphthol, jig 14.1 | 0.1 
Vat dye, continuous, di- | 
chromate oxidation 18.6 | 0.5 
Vat dye, continuous, per- 
borate oxidation 17.5 | 0.5 
Vat dye, jig | 31.5 | 4.6 
All processes }; — 6.0 
Printing: 
Color shop wastes | 12 7 
Wash-after-printing, with | 
soap 117-30 17-30 
Wash-after-printing, with | 
detergent 7 7 
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ing the fiber to aid in weaving. Most 
of this starch is actually discharged as 
glucose, a hydrolysis product produced 
through the action of hydrolytie en- 
zymes, 


Scouring 

Scouring wastes accounted for 32 per 
cent of the total plant B.O.D. Caleu- 
lations indicated that the process chem- 
icals used in the scouring liquor make- 
up produced only 20 per cent of this 
B.O.D. Consequently, the remaining 
SO per cent must have been extracted 
from the cotton fiber. Trade literature 
indicates that waxes and pectins are 
extracted during scouring (2) and 
these are the probable sources of B.O.D. 
in this waste. These sources produce 
approximately 40 Ib. of B.O.D. per 
1,000 lb. of cloth and account for 20 
to 30 per cent of the total plant B.O.D. 
Little or no subsequent pollution is 
expected to be caused by the scoured 
cotton fiber unless a dissolving reaction 
occurs, since it is practically pure cellu- 
lose and insoluble in water. 
chemical 
quently, produce 70 to 80 per cent of 
the total plant B.O.D. Pollution from 
cotton mills is thus seen to be caused 
mainly by the process chemicals used 
and not by the inherent B.O.D. ex- 
tracted from the fiber. 

It is important to note that de-sizing 
and scouring account for 67 per cent 
of the total plant B.O.D. In any plan 
for pollution reduction these processes, 
therefore, must be given primary con- 
sideration. When minimum pollution 
reduction is necessary, segregation and 
treatment of these two wastes alone 
might be considered. 


Process sources, conse- 


Dyeing and Printing 

Dyeing processes (used on only 28 
per cent of the cloth) produced 6 per 
cent of the total B.O.D. If all the 
cloth had been dyed, 20 to 25 per cent 
of the total B.O.D. would have been 
produced. The main sources of B.O.D. 
in this waste are the dyestuffs, reduc- 
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ing agents (sulfide, sulfite, hydrosul- 
fite, nitrite, glucose. ete.), aeetie acid, 
and soap. 

Wastes contributed by printing are 
discharged from the color shop, where 
printing pastes are made, and from the 
wash-after-printing machines. Color 
shop wastes produced 7 per cent of the 
total plant B.O.D. The starch, gums, 
and oils used as thickening agents in 
the printing paste are the main sources 
of B.O.D. in this waste. 

In the course of this survey, as in- 
dicated previously, the mill converted 
to the use of a synthetic detergent (0 
per cent B.O.D.) in place of soap (55 
per cent B.O.D.) in the wash-after- 
printing machine. The B.O.D. of the 
wash waters from this machine showed 
a marked drop and ealeulations indi- 
cated a 90 per cent reduction was ob- 
tained. 

With soap, the wash-after-printing 
machine produced 20 to 30 per cent of 
the total plant B.O.D., mainly because 
the B.O.D. incorporated in the soap 
molecule was superimposed on the 
print paste being washed off the cloth. 
With detergent, only 7 per cent of the 
total plant B.O.D. was produced. This 
change reduced the total pollution by 
the mill approximately 20 per cent and 
indicated an excellent method for pol- 
lution reduction. 

The main sources of B.O.D. in wash- 
after-printing wastes are soap when 
used, and the starch, gums, and oils 
from the printing paste. 


( 


Bleaching and Merccrizing 

Bleaching wastes accounted for 4 
per cent of the total B.O.D., both the 
hypochlorite and the peroxide processes 
being used in this plant. The B.O.D. 
source in this waste is not readily as- 
certainable, although it is believed that 
the coloring matter in the fiber is 
rendered soluble on oxidation. Sodium 
bisulfite, when used, will contribute to 
the B.O.D. 

Mercerizing wastes produced 1 per 
cent of the total plant B.O.D. The 


i 
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B.O.D. source is probably a_ soluble 
cellulose compound dissolved by the 
high caustie concentrations (10 to 30 
per cent). 

The de-sizing, scouring, bleaching, 
mercerizing, dyeing, and _ printing 
wastes so far mentioned thus accounted 
for 92 per cent of the total plant 
B.O.D. The remaining 8 per cent was 
produced in many small discharges 
from many other processes in the mill. 
These include softening after printing, 
levelling off, rust removal, washing 
after resin impregnation, and causticiz- 
ing. 


Typical Effluent 


From the combined surveys one may 
draw conclusions concerning the gen- 
eral characteristics of cotton finishing 
wastes. The results indicate that a 
typical equalized effluent will be a di- 
lute solution of glucose, dextrins, 
starch, natural cotton compounds 
(waxes, pectins, ete.), acetic acid, soap, 
and detergent, mixed with sodium hy- 
droxide, carbonate, sulfate, silicate, 
and chloride. It will be alkaline (pH 
9 to 11) and be slightly tinged with 
color. The analysis of the equalized 
composite is expected to be 1,000 to 
2,500 p.p.m. total solids, 200 to 600 
p.p.m. B.O.D., and 300 to 900 p.p.m. 
total alkalinity. It will contain 1 to 
3 p.p.m. total chromium and probably 
1 to 3 p.p.m. sodium sulfite. 

Of the B.O.D. present in the waste, 
70 to 80 per cent is contributed by 
process chemical compounds, and 20 to 
30 per cent is contributed by natural 
cotton compounds extracted during 
scouring. The major process chemical 
source of B.O.D. is starch. Its contri- 
bution is expected to be at least 30 per 
cent in all mills and may be as high 
as 60 per cent in mills which print 
most of their cloth. Most of the starch 
will have been hydrolyzed to glucose 
or dextrins. Soap, if used, may con- 
tribute as high as 35 per cent of the 
total B.O.D. Acetie acid is expected 
to contribute 10 to 15 per cent of the 
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total B.O.D. Assistants used in dyeing 
may contribute 5 to 20 per cent. 


Pollution Reduction Possibilities 


Pollution reduction possibilities were 
indicated in several areas at this mill. 
The most important one was the 15 to 
35 per cent reduction obtainable by 
substituting a low-B.O.D. detergent for 
soap. This apparent reduction, how- 
ever, must be viewed in the light of 
the B.O.D. discussion following. 

A further reduction of 5 to 15 per 
cent is obtainable if sulfuric acid or 
some low-B.0.D. acidic compound is 
substituted for acetic acid. This can 
be readily done in most processes where 
acetic acid is now used, sinee sulfuric 
acid was used previously. Textile men, 
however, feared the tendering effect of 
unremoved sulfuric acid in poorly 
washed cloth and converted to the vola- 
tile acetic acid. Careful washing should 
remove this difficulty. In wool dyeing. 
changing from acetie acid to ammonium 
sulfate has reduced the B.O.D. of the 
waste dye liquors approximately 70 to 
80 per cent. 

In final analysis, however, the major 
need for pollution reduction in the 
cotton industry is a low-B.O.D. sub- 
stitute for starch, since this compound 
produces 30 to 60 per cent of the 
B.O.D. in cotton finishing wastes. Iy- 
droxyethyleellulose per cent 
B.O.D.), carboxymethyleellulose (3 per 
cent B.O.D.), and other cellulose ethers 
can be used for sizing and thickening 
and may prove suitable. Price appears 
to be the major deterrent at the pres- 
ent time. 

If such a starch substitute becomes 
economical, substitution of low-B.O.D. 
chemicals for high-B.O.D. starch, soap, 
and acetic acid can produce reductions 
of 50 to 75 per cent in the total plant 
B.0O.D. This can be obtained merely 
by substituting one process chemical 
for another, without building any ex- 
pensive treatment plant or hiring addi- 
tional labor. 


a 
a 
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In addition to process chemical sub- 
stitution, further pollution reduction 
may be obtained by use of the less pol- 
luting continuous scouring and dyeing 
methods, by reclamation of caustic, and 
by use of countercurrent series rinsing. 


Theoretical B.O.D. Aspects 


The question of the B.O.D. of proe- 
ess chemicals is an intriguing and im- 
portant one and must be thoroughly 
investigated. Why the bacteria read- 
ily oxidize soap in the standard B.O.D. 
test and do not attack the detergent 
molecule is not at present understand- 
able, since portions of their molecules 
are quite similar. On the basis of their 
hydrocarbon content, also, the theo- 
retical B.O.D.’s of these compounds are 
approximately in the same range. More 
important still, no information is avail- 
able as to whether or not a bacterial 
flora will develop in the river to oxidize 
this detergent. If such a development 
occurs, the apparent reduction indi- 
cated by the B.O.D. test will be false. 

Some theoretical B.O.D.’s of common 
Table III. 


These were calculated by assuming oxi- 


substances are listed in 


dation to carbon dioxide and water. It 
will be noted that hydrogen, because 


TABLE III.— Theoretical B.O.D. 
of Various Substances 


Substance Formula 


Hydrogen 

Carbon 

Nitrogen 
NO 


Methane 
Acetic acid 
Tallow soap 
Alkyl aryl 
detergent ‘Hes -CeHs-SOsNa 
Triethanolamine HOCH:CH2)3N 


COONa 


HOH 
CHLOCHeCH2OH 
CeHwO 


rea 
(+H20 +NH3)) 


' Low or negligible B.O.D. when analyzed by 
the standard 5-day B.O.D. test, presumably 
because of the chemical groupings in the 
molecule. 
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of its low atomie weight, has an ex- 
tremely high oxygen demand. Its in- 
corporation in any molecule may, there- 
fore, possibly increase the oxygen de- 
mand. Incorporation of oxygen, on the 
other hand, will the B.O.D. 
Many pollution problems would be 
nicely solved if the process chemical 
had enough oxygen in the molecule to 
satisfy its own oxygen demand. This 
does not appear feasible, however, since 
the molecule would have to have the 
empirical formula CH,O,. Neverthe- 
less, use of increased oxygen through 
ketone and ether linkages is possible, 
and lower B.O.D.’s should result. Re- 
duction by this means is limited, how- 
ever, since the hydrocarbon portion of 
the molecule has such a high B.O.D. 
More hope is available through the 
use of functional groupings as block- 
ing agents to prevent or minimize oxi- 
dation. Such an effect has been re- 
ported by Lamb and Jenkins (3) and 
by Mills and Stack (4) in work on syn- 
thetic organic chemicals and has also 
been noted, as previously shown, with 
many synthetic detergents. These au- 
thors concluded that many organic ma- 


decrease 


terials are relatively stable to aerobic 
biological oxidation, even though they 
are not toxic. Whether or not oxidation 
occurs is dependent on chain structure, 
molecular size, and the funetional 
groups present. It was found, for ex- 
ample, that polyethylene glycols and 
their diethoxy derivatives are not read- 
ily oxidized. Monoethoxy derivatives 
are oxidizable and greater oxidation is 
observed for shorter chain materials. 
The acetate derivatives of the lower 
molecular weight polyethylene glycols, 
on the other hand, were oxidized to a 
much greater degree. 

It was also noted that biological oxi- 
dation of aliphatic ketones is depend- 
ent on the molecular size. In addition, 
atoms other than carbon atoms in the 
chain tend to interfere with oxidation. 
This was particularly noted with sec- 
ondary and tertiary amines, ethers, and 
compounds such as dioxane and mor- 
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pholine. Polymerization of organic 
molecules, presumably because of in- 
creased molecular size, also interfered 
with oxidation. These authors also 
pointed out that 5-day B.O.D. values 
on synthetic chemicals were frequently 
low, but 10-day (or longer) B.O.D.’s 
were much higher in many instances. 

A thorough review of this subject 
may make available to the organic 
chemists who synthesize the process 
chemicals knowledge on groupings 
which will decrease or prevent  bio- 
chemical oxidation. It is conceivable 
that the chemist may then tailor-make 
an organic chemical for processing 
which will not be readily oxidized or 
may even modify high B.O.D. mole- 
cules, such as soap and starch, to lower 
their B.O.D. 

Incorporation of polypeptide group- 
ings should be investigated because this 
type of grouping uses the water of hy- 
drolysis as its oxygen source, producing 
earbon dioxide and ammonia. 


— CONH — + H,O > CO, + NH,. 


The ultimate B.O.D. is not reduced, 
since the ammonia will also have to be 
oxidized. However, ammonia oxidation 
usually does not take place until a 
favorable oxygen balance is present in 
the stream. Water of hydrolysis is a 
much more abundant source of oxygen 
if it could be utilized, because 1 gal. 
of water contains 7.4 lb. of hydrolysis 
oxygen, but only 0.0001 Ib. of dissolved 
oxygen. 

Summary 


The results of the surveys reported 
herein indicate that the chemicals used 
in the processing of cotton cloth in the 
surveyed plant produce 70 to 80 per 
cent of the total B.O.D. found in the 
plant effluent, whereas the natural 
waxes, pectins, ete., extracted from the 
cotton fiber during seouring produce 
20 to 30 per cent. A total B.O.D. load 
equal to 10 to 20 per cent of the weight 
of the cloth is discharged during the 
processing and finishing. Starch, soap, 
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and acetic acid are the major B.O.D. 
producers among the process chemicals, 
because of their high consumption and 
inherent high B.O.D. Possibilities of 
pollution reduction through substitu- 
tion of low-B.O.D. chemicals for these 
high-B.O.D. compounds have been 
pointed out. Calculations indicate that 
B.O.D. reductions as high as 50 to 75 
per cent may be obtained in this man- 
ner, without the installation of any 
treatment plants whatsoever. 

Cooperation among process chemical 
manufacturers, textile engineers, and 
pollution abatement agencies is strong- 
ly urged to investigate thoroughly these 
possibilities before expenditures are 
made in the building of treatment 
plants. Fundamental long-range B.O.D. 
studies should be undertaken to deter- 
mine actual B.O.D. of synthetic chemi- 
cals and also to determine the fune- 
tional groups or other faetors which 
will prevent or minimize oxidation of 
the process chemicals in the receiving 
stream. <A thorough investigation of 
alternate processes chemicals 
should be made to determine which are 
the least polluting. 

The process chemical inventory and 
B.O.D. survey should prove useful in 
these investigations because of the rela- 
tive ease with which it may be done 
and because of the additional informa- 
tion it provides on the constituents and 
characteristics of the wastes. With it, 
one may determine why the B.O.D. is 
present and whether it may be elimi- 
nated by process chemical substitu- 
tion. In addition, after sufficient data 
are collected to indicate average con- 
sumption on these chemicals, use of 
excesses may be quickly detected. This 
type of survey should also prove useful 
in the investigation of other industries 
causing pollution of streams. 
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SEVEN EUROPEAN COUNTRIES SEND REPRESENTATIVES TO 
OBSERVE U. S. PROGRESS IN POLLUTION CONTROL 


The progress United States industry 
has made in solving air and water pol- 
lution problems recently brought rep- 
from seven European 
countries to study American pollution 
research and control methods. Eleven 
engineers and technicians arrived from 
Europe in June to make a six-week trip 
to industrial centers throughout the 
country under the auspices of the For- 
eign Operations Administration. 

hey devoted particular attention 
to pollution control facilities installed 
in chemical plants, oil refineries, and 
pulp and paper mills. Of special in- 
terest to the group were sampling and 


resentatives 


| 
T 


analytical methods, prevention meas- 
ures and meteorological 
methods, and cooperation between 
weather bureau stations and industry. 
Their itinerary included visits to many 
chemical plants, according to the Man- 
ufacturing Chemists’ Association. 

The group included research scien- 
tists, engineers, and industrial man- 
agement representatives from Belgium, 
Denmark, France, Germany, Nether- 
lands, Portugal, and Britain. The visi- 
tation project was under the direction 
of the Sanitary Engineering Division, 
U. S. Public Health Service. 


regulations, 


INTEGRATED TREATMENT FOR METAL-FINISHING 
WASTES * 


By L. E. Lancy 


Consulting Engineer, Ellwood City, Pa. 


Among the industries discharging 
harmful wastes to rivers and other wa- 
ters, the electroplating trade is an im- 
portant element. The chemicals em- 
ployed in the make-up of electroplating 
solutions are extremely toxic to aquatic 
life. Another factor contributing to 
the seriousness of the question is the 
fact that the electroplating industry is 
made up of a large number of rela- 
tively small plants dispersed every- 
where where metal-working industry is 
established. The economical burden of 
waste treatment is naturally much 
heavier for the smaller establishments, 
both insofar as investments for treat- 
ment facilities are concerned and also 
because it requires the time of the 
scarce technically skilled help. 


Evaluation of the Wastes 


The polluting wastes discharged by 
the typical electroplating plant may 
be divided in two general categories, 
concentrated and dilute. 

The concentrated wastes are the 
spent acid pickling solutions, bright 
dips, passivating solutions, alkali 
cleaners, stripping solutions, ete. Gen- 
erally these are process solutions that 
have lost their usefulness due to a high 
build-up in metallic salts, organic ma- 
terials such as oils, or broken down and 
expended chemical compounds. The re- 
generation of these process solutions 
may be economically unjustified. 

The dilute wastes are the diverse 
rinse waste effluents coming from the 
electroplating process. Some of the 


* Presented at 25th Annual Conference, 
Pennsylvania Sewage and Industrial Wastes 
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process solutions employed contain 
such highly toxic compounds that even 
trace quantities carried by the rinse 
waters have to be considered toxic 
(1) (2). 

The evaluation of a particular waste 
treatment problem will depend to a 
great extent on the local conditions. 
If it is only the harmful effect of the 
wastes on the sewers and on the fa- 
cilities of the local sewage works which 
has to be avoided, possibly only the 
concentrated wastes will have to be 
treated. On the other hand, if the 
receiver of the waste effluent is a 
stream, both the concentrated and di- 
lute wastes will require treatment. 

The treatment of the concentrated 
wastes is a relatively simple procedure. 
The subject is thoroughly discussed in 
the literature (3) (4) (5). The dumping 
of process solutions occurs only after 
reasonably long periods of use. The 
total quantities are not too large ; some 
of the wasted solutions may be used 
to effect chemical treatment on others 
and to help neutralize each other. The 
chemical reactions involved are well 
within the scope of the ability of the 
average plater and even the time re- 
quired for chemical analysis may be 
available, as a reasonably sized holding 
tank will allow a treatment frequency 
of only once or twice weekly. 

The real problem in connection with 
electroplating waste treatment is the 
treatment of the dilute wastes. In this 
case comparatively large quantities of 
waste are involved because profuse 
rinsing is a prerequisite of sound plat- 
ing. Some of the effects of insufficient 
rinsing could be porosity of the metallic 
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or non-metallic deposits, lack of adhe- 
sion, blistering of the deposit, spotting, 
tarnishing, cloudy films, ete. In addi- 
tion, continuous dragin of foreign 
chemical compounds would soon pol- 
lute the processing solution next in the 
line. 

The segregation and collection of the 
dilute waste in holding tanks for treat- 
ment is the usual method of treating 
these wastes (6)(7)(8), although some 
treatment plants have been built on a 
continuous treatment (9) (10). 
In any event, the physical treatment 
plant usually is far more expensive 
than the productive plating equipment 
employed in the respective plant, the 
chemical control is quite involved, and 
the operating labor expenses are con- 


basis 


siderable. It is considered economically 
unsound to operate a waste treatment 
plant of this type in a competitive 
market. 


Integrated Waste Treatment System 


Analysis of the problem as stated in 
connection with the treatment of the 
dilute plating wastes might lead to the 
following conclusions: 


1. The pollution problem is due to 
the discharge of large quantities of 
rinse waters contaminated by a rela- 
tively low concentration of toxie chemi- 
cal compounds, 

2. This waste is not due to some 
chemical by-product which is a neces- 
sary result of the metal-finishing proe- 
ess; rather, it is caused by the re- 
quirement of repeated washing during 
the processing cycle, 


From these considerations it follows 
that if the toxic compounds are elimi- 
nated before they are washed off the 
requirements for profuse rinsing can 
be met without causing pollution. It is 
necessary, then, to integrate the waste 
elimination steps into the processing 
sequence and to establish the treatment 
as an organic part of the whole process. 

The objectionable chemical com- 
pounds may be removed from the work 
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in process before they could reach the 
sewer by either recirculating the rinse 
waters through ion exchangers or by 
chemical treatment preceeding the rins- 
ing steps (11) (12). 
paper is 


The scope of this 
restricted to the integrated 
waste treatment system based on chemi- 
cal treatment methods (13). 

The general concept of this treat- 
ment method may be described as 
chemical treatment of the objectionable 
toxic compounds and their removal 
from the work in process preceding the 
rinsing with running water. 

The chemical treatment solution is 
kept in a closed system and as a rule 
is not wasted, but may be discharged 
after prolonged use. The treatment 
wash integral part of 
the finishing line and is connected to 
a larger treatment solution reservoir. 
The treatment solution is constantly 
recirculated, the chemicals consumed in 


station is an 


the treatment process being replenished 
and the precipitated salts removed 
through settling or filtration. The 
treatment solution usually contains an 
excess of the chemicals used for the 
treatment. This feature avoids the 
necessity of close control, maintains a 
more even level of available chemicals 
regardless of fluctuations in the dragin 
rate, and in some cases accelerates the 
anticipated chemical reactions. Since 
the treatment solution is not expend- 
able, the higher concentration of re- 
agents maintained 
wasteful consumption. 


does not imply 

The choice of the chemical reaction 
to be adopted for this type of treat- 
ment has to be such that it suits the 
finishing eycle while fulfilling the ob- 
jective of toxie waste elimination. 

The requirements for a satisfactory 
treatment solution may be enumerated 
as follows: 


1. It should not tarnish, discolor, or 
stain the work. 

2. It should not harm the functional 
qualities of the finish (such as corro- 
sion resistance, activity for receiving 
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subsequent electrodeposits, paintability 
and paint adhesion, ete.) 

3. It should give an instantaneous re- 
action with the toxie compounds, since 
the chances for harmful dragout into 
the running water rinse will depend 
on the concentration level in the treat- 
ment solution. 

4. It should lead to a precipitate or 
gaseous breakdown product to elimi- 
nate undue chemical build-up and the 
need for frequent dumping. 


Dependent on the particular treat- 
ment to be used, and also to some ex- 
tent on the receiver of the final effluent, 
the treatment system may consist of 
one or two steps with as many different 
treatment solutions. As an example, 
there are high- and low-pII eycles, re- 
duction and subsequent precipitation 
steps, ete. 


Evaluation of Method 


The advantages of the integrated 
waste treatment system are numerous 
and probably decisive for the electro- 
plating trade, as follows: 


1. The capital outlay for treatment 
equipment is but a small fraction of 
the productive equipment cost. 

2. The waste treatment is integrated 
into the finishing line, thus no separate 
treatment plant is required. 

3. The floor space occupied is small 
and may be further minimized by oe- 
cupying space overhead or the below 
floor level. 

4. Some reduction in chemical con- 
sumption is achieved, especially when 
in a conventional batch plant large 
quantities of wastes have to be sub- 
jected to low pH treatment and sub- 
sequent neutralization. 

5. The need for close chemical con- 
trol is eliminated due to the wide lim- 
its allowed when working with a con- 
stant excess of treatment chemicals. 

6. No separate personnel is required 
for the operation of the treatment sys- 
tem. Simple test methods approximat- 
ing the concentrations of chemicals are 
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sufficient and allow the integration of 
the waste treatment plant into the 
regular duties of the supervisory and 
operating labor usually employed. 

7. Reduced quantities of rinsing wa- 
ter may be employed due to the better 
rinsability of the work after treatment 
and the reduction in contaminants. 

8. The rinse waters are free of high 
concentration of dissolved sus- 
pended solids; the color and clarity are 
excellent in comparison with the efflu- 
ent from a conventional treatment 
plant. 

9. The effluent is far more free of 
toxic compounds than is the case with 
the average conventional treatment 
plant. The reason for this is simple: 
it is easier to work with an excess of 
treatment chemicals in a closed recir- 
culated system, especially when it in- 
volves the precipitation of trace quan- 
tities of heavy metal complexes. 


Examples of Integrated Waste 
Treatment 


After Cyanide Plating Solution 


The toxie compounds to be elimi- 
nated after a cyanide-type plating so- 
lution are the cyanide radical and the 
heavy metal ions, such as copper, zine, 
and cadmium. The oxidation of the 
cyanide complexes through chlorina- 
tion is one of the simplest, cheapest, 
and fastest chemical treatment methods 
and may be employed advantageously 
in the integrated system. A free chlo- 
rine excess of 30 to 80 p.p.m. is used 
at a pH of 9 to 10.5. Chlorine gas 
or a hypochlorite solution are equally 
satisfactory as sources of free chlorine. 
The underlying chemical reaction has 
been thoroughly explored (14) (15) and 
may be assumed to take place in two 
steps. 

The first step— 


NaCN + 2NaOH + Cl,—> 
NaCNO + 2NaCl + 


—is a very rapid reaction converting 
the cyanides into cyanates, compounds 
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of considerably lesser toxicity. With 
further additions of free chlorine the 
second reaction proceeds at a some- 
what slower rate. At the stated pH, 
with the excess chlorine stipulated, and 
at room temperature, in about 2 to 4 
hr. the cyanates are broken down into 
nitrogen and earbon dioxide gas ac- 
cording to the assumed formula: 


2NaCNO + 4NaOH + 3Cl, > 
2CO, + 6NaCl + N, + 2H.0. 


The relatively high chlorine excess 
accelerates the breakdown of the cya- 
nates and allows the quantitative pre- 
cipitation of the toxic heavy metal 
salts. In the event that the treatment 
follows copperplating from a Rochelle 
salt solution, sufficient quantities of 
calcium chloride or lime must be added 
to the treatment solution to effect the 
complete precipitation of the copper 
(16). 

The chlorination treatment solution 
does not affect the appearance or cor- 
rosion resistance of the deposit, neither 
does it alter the surface activity of a 
copper deposit insofar as the adhesion 
of subsequent nickelplating is con- 
cerned. A distinct improvement in 
rinsability is achieved if comparing 
rinsing after the treatment with wash- 
ing after plating in an _ installation 
without the incorporated treatment 
step. 

Figure 1 shows the flow sheet of a 
typical integrated treatment line fol- 
lowing plating from a cyanide-type 
electrolyte. The treatment wash solu- 
tion is constantly recirculated from the 
treatment solution reservoir. Chlorine 
vas and caustic soda or a hypochlorite 
solution is constantly added to the res- 
ervoir to replenish the chemicals con- 
sumed. The reservoir, besides fulfilling 
its usual function of maintaining a 


more even chemical concentration level 
and acting as a settling tank, also 
should be of sufficient size to reduce 
the possible cyanate dragout to just a 
fraction of 1 p.p.m. in the rinse-water 
effluent. 
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Non-toxic salts, such as sodium chlo- 
ride, sodium carbonate, ete., slowly ac- 
eumulate in the treatment solution. 
Every 2 to 4 months, depending on the 
particular installation, the treatment 
solution should be discarded and a new 
treatment solution made up. <A _hold- 
ing tank is usually provided for this 
purpose and also for periodic drawoff 
for systems using the hypochlorite 
method of chlorine feed. The use of 
this holding tank allows leisurely time 
for analysis, reduction of the excess 
chlorine, precipitation of possible traces 
of copper or other heavy metals, adjust- 
ment of pH, and slow bleeding off of 
the clear effluent. 

Automatie control instrumentation 
based on pH control and depending on 
the redox potential is entirely feasible. 
It was found that the redox potential 
maintains steady and _ dependable 
values in the free chlorine excess range 
in question. Absolute values cannot 
be given because apparently the poten- 
tial is somewhat influenced by the pH 
of the treatment solution and by the 
otherwise irrelevant constituents of the 
particular plating solution used. The 
advantages of automatic instrumenta- 
tion might be questionable in most in- 
stallations, as a simple test paper check 
is sufficient to insure that the free chlo- 
rine content and pH are at safe levels. 


After Copperplating 

Even trace quantities of copper salts 
are toxic to fish and the biological or- 
ganisms depended upon for the natural 
purification of streams or employed in 
sewage treatment plants. Rinse waters 
from the washing of the work after 
these processes are serious pollutants 
if not preceded by rinsing in a proper 
treatment wash solution. Copper is 
quantitatively precipitated in an acidic 
solution of sodium or potassium ferro- 
eyanide. The formula of the chemical 
reaction may be given as 


Na,FeCN, + 2Cu--—> 
Cu,FeCN, + 4Na-. 
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FIGURE 1.—Flow sheet of typical integrated treatment line following plating from a 
cyanide electrolyte. 


The alkali metal ferrocyanide may be 
considered a nontoxic compound. With 
constant additions, an excess of 200 to 
400 p.p.m. is maintained in the treat- 
ment solution ; the possible dragout rate 
is small and will be consumed in the 
precipitation of iron salts inevitably 
present in a plating room effluent. 


After Chromium Solutions 


For treatment after plating with 
chromium, chromic acid anodizing, di- 
chromate-type passivating dips, ete., a 
two-step process is usually employed. 
The first treatment insures the redue- 
tion of the hexavalent chromium to the 
trivalent state; the second treatment 
serves for the precipitation of the 
chromic salts. 

Sulfur dioxide gas generally is used 
for the reduction phase of the treat- 
ment. There are a number of im- 
portant considerations making sulfur 
dioxide the preferred reducing agent in 
this reaction, as follows: 

1. Ease of handling, adjusting the 
rate of flow, ete. 


2. The greater driving force of this 
reaction allows a wide pH range (from 
acidic to slightly alkaline) for instanta- 
neous reduction to take place, consider- 
ing the usual excess of reducing agent 
in solution (17). 

3. The sulfurous acid formed as the 
vas is absorbed in the solution regulates 
the pH effectively, eliminating the need 
for separate acid additions. 

4. The basic chromic sulfate formed 
will require smaller quantities of alkali 
for the subsequent precipitation (18). 

The second treatment step used for 
the elimination of chromium waste con- 
sists of a slightly alkaline wash solu- 
tion containing traces of reducing 
agent, such as sodium hydrosulphite 
(Na.S,0O,), to maintain a reducing po- 
tential and eliminate the possible traces 
of hexavalent chromium not reached in 
the first treatment. A sodium carbon- 
ate solution at pH 6 to 8 may be em- 
ployed. 

The probably chemical reduction of 
the hexavalent chromium with SO, gas 
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is as follows: 


SO, + H,O H,SO 
2H.CrO, + 3H.SO, = 
Cr, (SO,),, + 5H,0 
Na.Cr.0,:2H.O + 380, = 
Cr, (OIL),(SO,), 
+ Na,SO, + H,O. 


It will depend on the particular proc- 
ess being used as to the pH level at 
which the reduction reaction should 
take place. Although a pH of 2 to 3 
is harmless for a treatment after chro- 
mium plating, a pH near neutral is 
required after chromic acid anodizing 
or dichromate passivation of brass, zine, 
cadmium, ete. 

Figure 2 shows that the speed of the 
reaction depends on the pH and excess 


reducer 


Figure 3 
the 
increase in temperature. The hydrosul- 


available, whereas 


shows the accelerating effects of 
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fite ion has an even greater reducing 
potential for hexavalent chromium com- 
pounds and it may be assumed to ae- 
complish instantaneous reduction at an 
alkaline pH with only a 10 to 20 per 
cent over the stoichiometric 
equivalent. 

The pH of this treatment solution 
can be raised by alkali additions, 
whereas the lowering of the pH may 
be accomplished by increasing the ex- 
cess SO, content, this increasing the 
sulfurous acid content of the solution. 
Depending on the pH of the reduction 
the chromie salts will be hydrated to a 
different extent. Following the prac- 
tice of the tanning industry, distinction 
may be made between chromic salts of 
different basicity, based on the hy- 
droxyl content. The effect of the pH 
on the reduction reaction may be ex- 


eXcess 


pressed in values, as 


approximate 


Table I. 
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FIGURE 2.—Rate of reduction of hexavalent chromium to the chromic ion, employing 
SO, as a reducer at 22° C. Sample contained 400 p.p.m. CrOs. 
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FIGURE 3.—Rate of reduction of hexavalent chromium to the chromic ion, employing 
SO. as a reducer at 50° C. Sample contained 400 p.p.m. CrO:. 


The precipitation of the chromic 
salts is the aim of the second treatment 
step, the quantity of alkali required 
for this reaction depending on the 
basicity of the chromic compound. 

The reaction may be assumed to be 
as follows: 


Cr, (SO,), + 6NaOH 
2Cr( OH), + 3Na,SO,. 


The flow diagram (Figure 4) ex- 
plains schematically the complete treat- 
ment layout. The first treatment wash 
follows the chromium plating, possibly 
after a drain station which serves to 
reduce the chemical dragout. The see- 
ond treatment is next in the line and 
is followed by the usual running water 
or spray rinse employed in eleetroplat- 
ing plants. Each of these treatment 
wash tanks is connected through a 
pump with a larger treatment solution 
reservoir and is constantly recirculated. 


The purpose of the treatment reservoir 
here is simply to expand the usually 
small holding capacity (100 to 200 gal. ) 
of the wash station in the line and thus 
level off possible large fluctuations in 
the chemical concentration. 

The su'fur dioxide is added through 
a porous stone or lead pipe diffuser 
after passing through a pressure regu- 
lating valve, a flow meter, a gas dryer, 
and a vacuum breaker. 

The chemical consumption in the see- 
ond treatment solution is small, as only 


TABLE I.— Basicity of Chromic Salts 


pH 

<2 | 

2-2.5 
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>6.5 | 


Compound Salt Type 


Neutral 
334% basic 
50% basic 
663% basic 
100% basic 


Cr2(SO.)s | 
| 
Cr.(OH),(S6 )4) 
Cr(OH); | 


1123 
100 
of x, de ae, 
/ 
¢ 
\ 


SEWAGE AND INDUSTRIAL WASTES 


PATH OF WORK 
oc 
= 


IN PROCESS 


September, 


[CITY WATER 


¢ 


= 


BCHROMIUM DRAIN 
PROCESS STarion 


No. | TREATMENT 


No.2 TREATMe 


WATER RINSE 


O\FFUuGER 


GAS DRVER 
Flow METER 


RECIRULATION LINE 


A 


$O, PUMP TREATMENT SOLUTION 
SUPPLY 


FILTER 


PUMP TREATMENT SOLUTION 


FIGURE 4.—Flow sheet of typical integrated treatment line following a process 
employing hexavalent chromium compounds. 


the chromic salts dragged in from the 
first treatment step are precipitated 
here. Manual replenishment of the 
chemicals once daily is usually suffi- 
cient. The insertion of a filter in the 
recirculating line will constantly re- 
move the small amounts of precipitate 
formed and perpetuate the usefulness 
of the second treatment solution. 

The first treatment solution is 
allowed to build up to a concentration 
of 1 to 2 Ib. per gal. chromic acid 
equivalent in chromic salts and is then 
pumped to a neutralization tank. Neu- 
tralization and precipitation of the 
chromic salts is effected by the addi- 
tions of dry lime and the resultant 
slurry is pumped to a sludge bed for 
drying. The by-product dry sludge is 
of commercial value. 

The rate of sulfur dioxide flow and 
pH may be easily controlled automati- 
cally by the use of instrumentation 
based on the redox potential of the so- 
lution (19)(20). Manual control is 
also easy, as it is sufficient to use a spot 
test to approximate the excess reducer 
present. Simple pH paper test may 


take care of the second treatment wash 
solution. 


Benefits Derived 

In general, based on practical ex- 
perience, better rinsing can be achieved, 
allowing a reduction in the water con- 
sumption rate. Cleaner, stain-free fin- 
ishes may be had, even with shapes 
notorious for trapped chemicals. The 
most outstanding difference is noticed 
after chromium plating; the usual 
chromic acid drying stains are elimi- 
nated, and the plating racks may be 
maintained with an ‘‘as new’” appear- 
In addition, the chances for con- 
tamination of the process solutions are 
eliminated and the need for better 
housekeeping teaches better working 


ance, 


habits, improves efficiency, and reduces 
chemical waste. 


Summary 
A simple treatment of plating waste 
is made possible for even the smallest 
plant without incurring great expense. 
Neither the physical plant nor the op- 
erating expenses are of sufficient mag- 
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nitude to affect the economy of opera- 
tions. All electroplating plants could 
be designed in the future to completely 
eliminate all toxie waste, regardless of 


any possible lower standards allowed 
by the local conditions. The cost of 
waste treatment is low and well worth 
the benefits derived in the process. 
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MAKE YOUR HOTEL RESERVATIONS 
FOR THE CINCINNATI MEETING 


Requests for room reservations for the Federation’s 27th Annual 
Meeting, to be held at Cincinnati, Ohio, October 11-14, should be ad- 
dressed directly to the Netherland Plaza Hotel, Cincinnati, Ohio (see 


page 1188). 


WRITE NOW FOR YOUR RESERVATIONS! 


* 
. 
4 
aif 
\ 
? a 


By DonaLp J. 


Re spectively, U.S. Publie Health Service 


Safety Branch, U. S. Atomic Ener 


One of the industrial processes at the 
Los Alamos, N. Mex., atomic energy in- 
stallation produced a waste containing 
large quantities of oxalic acid. Because 
this material is a good complexing 
agent, it was felt that it would upset 
chemical treatment when mixed with 
other wastes treated by coprecipitation. 
It was desirable, therefore, to devise a 
method which would economically de- 
stroy the oxalic acid. 


Previous studies 
(1) indicated that oxalic acid is toxic 
to activated sludges, but more recent 
work has also shown that such highly 
toxic materials as formaldehyde (2) 
and phenol (3) can be successfully de- 


stroyed by biological processes. 


For 
these reasons, experimental activated 
sludges were set up to determine the 
feasibility of destroying oxalic acid by 
aerobic oxidation. 


Experimental Procedures 


Over a period of several months, 
three experimental sludges were set up, 
each under varying supplemental feed 
conditions and with varying feeds of 
oxalic acid. The experimental sludges 
were operated by a modified fill and 
draw method by which the oxalie acid 
feeds were added slowly over a portion 
of the total aeration time. The total 
aeration time was usually 23 hr., allow- 
ing a total of 1 hr. for settling, re- 
cording data, sampling, addition of 
special feed supplements, and draw- 
down. <A slow constant feed rate ap- 
plied the oxalic acid feed solutions to 
a constantly increasing aeration vol- 
ume over a period of 7 hr. or more. 
The aeration volume increased from an 
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initial 7.5 1. to 9 1. during the oxalic 
acid feed period, and remained at 9 1. 
for the additional period of aeration. 
The oxalie acid feed solution was pre- 
pared by the addition of a weighed 
amount of oxalic acid to 1.5 1. of water 
and partial neutralization with techni- 
The pH of the feed 
solution was normally kept between 2.5 


and 3.5. 


cal gerade caustic. 


Routine analyses were carried out in 
accordance with ‘‘Standard Methods’’ 
(4). To determine the oxalic acid con- 
tent of sludge effluents an aliquot of 
the effluent was acidified with concen- 
trated sulfuric heated, and_ ti- 
trated with standard potassium per- 
manganate solution (5). 


acid, 


Sludge 1—Oxalic Acid Plus Nitrate 
and Phosphate Supplement 

A sludge which had been used for a 
study of the utilization of ammonium 
citrate was used for the initial portion 
of the experiment to the 
the activated 
destruction of 


determine 
feasibility of 
the oxalic 
The sludge was fed a daily sup- 
plemental feed mixture of 500 p.p.m. 
flour and 500 p.p.m. sugar while the 
ammonium oxalate feed was increased 
from 50 (36 p.p.m. as oxalic acid) to 
250 p.p.m. (182 p.p.m. as oxalic acid) 
over a period of two weeks.  Micro- 
scopic examinations of the sludge dur- 
ing the two-week period of acclimation 


use of 
sludge for 


acid. 


indicated the zoogleal colony masses 
were gradually changing. The response 
was taken as an indication that the 
sludge was adapting to a new substrate, 
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since all elements appeared viable and 
active. 

Since acclimation proceeded favor- 
ably with ammonium oxalate, 3 1. of 
the sludge were set up in a 10-1. aera- 
tor and feeds of oxalic acid were 
started. Mineral feed supplements pro- 
vided daily throughput concentration 
of 130 p.p.m. NO.-N and 300 p.p.m., 
PO,; the flour and sugar supplement 
was gradually decreased and_ finally 
stopped completely when the oxalic 
acid feed reached 3,300 p.p.m._ Initi- 
ally, the feed of oxalic acid was equiva- 
lent to 1,670 p.p.m. based on the 
throughput volume (69.3 Ib. per 1,000 
cu. ft. of aerator volume per day), and 
this was oxidized to the lower limit of 
detectability of the permanganate ti- 
tration.* Feed levels are expressed as 


parts per million of oxalic acid, al- 
though the adjustment of the feed so- 
lution pH resulted in an actual feed of 
sodium oxalate and oxalie acid. 

This sludge was continued in opera- 


tion for 12 weeks at a maximum feed of 
3.300 p.p.m. (138.6 Ib. per 1,000 cu. 
ft. of aerator volume per day). Table 
| is a summary of the data recorded 
for this sludge. The unusually high 
ash content of this sludge was prob- 
ably due to the fact that it had origi- 
nated from a synthetic feed of citric 
acid with a high mineral salt supple- 
ment and had been maintained on this 
type of feed for several months. 

Although this sludge continued to 
reduce the oxalic acid concentrations 
to the lower detectable limit, some of 
its characteristics were unusual in com- 
parison with a normal activated sludge. 

*In the case of these sludge effluents, the 
lower limit of detectability of the permanga- 
nate titration was considered to be 20 p.p.m. 
oxalic acid, since blank titrations determined 
on both the filtered and unfiltered effluents 
from sludges on similar feeds, but lacking 
the oxalic acid feeds, yielded permanganate 
demands equivalent to 10 to 20 p.p.m. oxalic 
acid. For this reason, any permanganate ti- 
trations that vielded a value equal to or less 
than 20 p.p.m. should be regarded as indicat- 
ing no detectable amount of oxalic acid. 


DESTRUCTION OF OXALIC ACID 


1127 


Therefore, it was decided to determine 
the effect of a flour and sugar feed 
supplement on the ability of the sludge 
to oxidize the oxalie acid. 


Sludge 2—Oxalic Acid Plus Flour 
and Sugar Supplements 

An experimental sludge developed 
from sewage seed in a 10-1. aerator was 
fed in the same manner as sludge 1, 
except that 400 p.p.m. of whole wheat 
flour and 250 p.p.m., sucrose were added 
at the beginning of each aeration pe- 
riod. During the period of acclimation, 
the oxalic acid feed was increased 
gradually to a maximum of 2,000 p.p.m. 
(83 Ib. per 1,000 cu. ft. of aerator 
volume per day). This oxalie acid 
feed level was maintained for 8 weeks 
and effluent oxalie acid concentrations 
did not exceed 20 p.p.m. Microscopic 
examinations of this sludge indicated 
normal zoogleal with new 
growth as projections and extensions 
around the periphery of the colony. 
This type of growth was not altered or 
limited by the oxalic acid feeds. Table 
IT is a summary of the data for this 
experimental sludge. 


Thasses 


Sludge 3—Oxalic Acid Feed Mini- 
mum Flour-Sugar Supplements 

As a check on previous findings, an- 
other experimental sludge was_ initi- 
ated from sewage seed and maintained 
on a daily feed of 200 p.p.m. flour, and 
150 p.p.m. sugar, plus a mineral sup- 
plement of 3 p.p.m. phosphorus (fed 
as trisodium phosphate), 3 p.p.m. mag- 
nesium (fed as magnesium sulfate), 
and 2 p.p.m. potassium (fed as po- 
tassium chloride). 

During the acclimation period of 3 
weeks, the oxalic acid feed concentra- 
tion was increased from an initial 25 
p.p.m. to a maximum of 2,000 p.p.m. 
oxalic acid. The sludge was main- 
tained at this maximum oxalic acid 
feed and observations of sludge char- 
acteristics were made. Turbid efflu- 
ents and poor settling characteristics 
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TABLE I.—Summary of Data for Sludge 1; 3,333 P.P.M. Oxalic Acid 
Plus Mineral Supplement 


Effluent (p.p.m.) | Mixed Liquor 
9/13-12/6 | Min. 0 70 “2.674 | 52.1 
Max. 20 40 395 4,880 69.9 
Av. 5.07 11 193.2 3,450 | 64.1 
No. Det. 54 8&3 53 | 56 | 56 


' See text footnote 


were observed initially but permanga- after the 7-hr. aeration period were 
nate titrations during the two-week pe- — erratic, with a maximum of 400 p.p.m. 
riod at maximum oxalic acid feed at This maximum residual was equivalent 
no time indicated detectable amounts to 3.8 g. of oxalic acid, or an approxi- 


of oxalic acid in the effluent. mate residual of 30 per cent. 
As a further check on the ability of 
the sludge to oxidize rapidly the oxalic Anaerobic Digester 


acid feeds, a twice daily feed was at- 
tempted. For this procedure the 
sludge was given its regular feed at 
approximately 8:00 am, then given a 
second feeding of oxalic acid in the 
late afternoon after an aeration period 
of 7 to 8 hr. A second feed of flour 
and sugar was eliminated because it 
was felt that it would result in an 
excess of a more rapidly utilized feed 
and a lengthening of the time for oxalic 


Concurrently with the operation of 
the experimental activated sludges, an 
attempt was made to adapt a two-stage 
digester and aerator to oxalie acid 
feeds (6). This project was abandoned 
when results showed no significant de- 
struction of the oxalic acid in the an- 
aerobic digester and when detrimental 
effects on the second-stage aerator 
were produced by the digester efflu- 


acid conversion. This second aeration . 

period was about 16 hr. Conclusions 
Examination of the data in Table Three batch-fed activated sludges, 


III shows that permanganate titrations each with a different feed, were able 
of the effluent after 16-hr. aeration al- to oxidize oxalic acid feed levels up to 
ways indicated no residual oxalic acid. 2,000 p.p.m. (83 Ib. per 1,000 eu. ft. 
The effluent oxalic acid concentrations of aerator volume per 24 hr.). In all 


TABLE II. 


—Summary of Data for Sludge 2; 2,000 P.P.M. Oxalic Acid 
Plus Flour, Sugar, Mineral Supplement 


Effluent (p.p.m.) Mixed Liquor 
Date ] 
8.8. Ash 
B.0.D. | | NO:—N | (%) 
10/10-12/6 | Min. 4 | 30 2,624 a 
| Max, 29 | 112 7,440 12. 
| Av. 10.9 20 79.8 4,893 - 4 
No. Det. | 30 | 56 25 37 


1 See text footnote. 
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TABLE III. 


| 
Terminal pH, | 


HeC2O,, Eff. 
Mixed Liquor 


(p.p.m.) 
Days | 
After | 
Accli- 

mation | D 


Twice Daily Feed| _ 
| Single 

| | Daily | 

7-Hr. | 16-Hr. | Feed | 7-Hr 

Aer. | Aer. | Aer. 

8.7 | 88 <20 | <20 | 

88 | 89 <20 | <20 

8.9 8.9 <20 |; — 

&.8 8.9 <20 | 

8.9 <20 

88 <20 | 

8.7 | <20 | 

8.9 <20 

8.8 <20 | 


| 
| 
| 
| 


| 
| 
Feed for 6-1. 

3 p.p.m. PO,—P, and 2 p.p.m. K. 


cases the effluents contained less than 
20 p.p.m. oxalic acid, a removal effi- 
ciency approaching 99 per cent. 

From laboratory data there are posi- 
tive indications that acclimation to the 
oxalate ion by an activated sludge can 
proceed to a extent which will allow 
the sludge to receive daily feeds of 
2,000) p.p.m. oxalic acid. Under 
proper conditions and with rigid proe- 
ess controls an activated sludge may 


16-Hr 
| Aer. | 


throughput: 2,000 p.p.m. H2C,0,, 200 p.p.m. flour 


DESTRUCTION OF OXALIC ACID 


Data for Sludge 3! 


Sludge Density 


Susp. Sol 
ndex 


(p.p.m.) 


|Twice Daily Feed 


Twice 
Daily 
Feed 


Single 
Daily 
Feed 


Single 
Daily 
Feed 


4,010 8.0 
4,626 7.0 


(4,700) - 


6.0 


, 150 p.p.m. sugar, 3 p.p.m. Mg, 


produce effluents containing less than 
25 p.p.m. oxalic acid when operated on 
a twice daily feed of 2,000 p.p.m. No 
continuous process data are available, 
but if batch results can be 
extrapolated, a continuous process ac- 
tivated sludge with precise operation 
control should be able to produce satis- 
factory effluents with feeds of 83 to 166 
Ib. oxalic acid per 1,000 ft. of 
aerator volume per day. 


process 


eu. 
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| I (%) 
} | | 
Single Twice Twice 
Daily Daily Daily yen 
Feed Feed Feed | | Feed a 
1 | 86 <2 | — 
2 | 87 <20| — | 196 | - 3,726 | 8.0 
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7 8.8 <20 | 1.94 | 3,290' — | 10.0 
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DISPOSAL OF ELECTROPLATING WASTES BY 
ONEIDA, LTD. * 


V. Plant Operation 


By Paut W. EIcHENLAUB AND JAMES Cox 


Chemists, Oneida, 


The waste treatment plant at 
Oneida, Ltd., was put into operation 
during the latter months of 1953. In 
October, treatment of  silver-bearing 
cyanide waste was begun. In December 
the first attempts were made at treating 
the remaining alkali and acid wastes. 


Silver Recovery 


The start-up of treatment of silver- 
bearing cyanide waste was simply a 
matter of diverting this waste from 
the previous method of treatment— 
namely, zine precipitation—to the 
plant treatment tanks. The method of 
treatment previously discussed (8) had 
been piloted so thoroughly that no 
difficulties were encountered in the pre- 
cipitation of the silver as the chloride. 
However, it should be noted that the 
proposed method of treatment (8) pro- 
vided for the complete oxidation of 
cyanide. This involved a pH adjust- 
ment, and analysis for both cyanide 
and cyanate was necessary in order to 
determine the chlorine dosage. The 
supernatant from the silver chloride 
precipitation is decanted to the alkali 
sump and, thereby, included in the 
alkali waste. It will be noted subse- 
quently in this discussion that an an- 
alysis for cyanate is necessary in the 
treatment of the alkali waste. There- 
fore, it was deemed advisable to sim- 
plify the treatment for silver recovery 
to the point of oxidation of cyanide to 
cyanate only, which eliminated an in- 


* Presented at 1954 Annual Meeting, New 
York Sewage and Industrial Wastes Assn.; 
New York, N. Y.; Jan. 21-22, 1954. 
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itial pH adjustment and an analysis 
for cyanate. Since oxidation of cya- 
nide to cyanate proceeds rapidly at the 
pH of the collected waste (10.5 to 
11.5), no pHI adjustment is necessary. 
The supernatant being decanted to the 
alkali sump and treated as alkali waste, 
an analysis for the cyanate from this 
included with the cyanate 
analysis necessary to the alkali waste 
treatment. 

Preliminary investigation and pilot 
plant studies had indicated that ap- 
proximately 99 per cent recovery of 
silver as the chloride could be ex- 
pected from this method of treatment. 
Table X is a graphic example of the 
value of a well-planned preliminary in- 
vestigation. 

A study of the results in Table X 
indicates very successful silver recov- 
ery, but it will be noted that the oxi- 
dation of cyanide is not complete de- 
spite the presence of excess chlorine 
in the supernatant. This cyanide has 
been found to be in the form of iron 
cyanide complexes, which resist chlori- 
nation. When the supernatant from 
the silver wastes is blended into the 
raw alkali wastes, this cyanide is not 
oxidized. It does not appear in ap- 
preciable concentrations in the final 
plant effluent, however, partly because 
of the diluting effect of the much larger 
volume of alkali wastes and partly be- 
cause the iron cyanide complex is pre- 
cipitated to some extent, possibly as a 
copper salt. 

After approximately one month’s op- 
eration of this treatment, enough silver 


source is 
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chloride had been colleeted to proceed 
with the filtering operation. In the 
previous discussion (1) no mention was 
made of any particular type of filter 
for the removal of silver chloride from 
the slurry. Instead, it was felt that 
the final choice of equipment should be 
based on actual conditions to be met. 
An 18-in., 8-plate, rubber-lined Spark- 
ler filter with Hastelloy C compression 
rings and tie rods was borrowed from 
a department in the manufacturing 
plant for experimental filtering. Fil- 
tration was found to be complicated 
by the slimy characteristics of the sil- 
ver chloride sludge. 

Investigation showed that the base 
metals present as hydroxides were the 
cause of the unfavorable filtering char- 
acteristics of the sludge. Laboratory 
tests showed that filtering character- 
istics were greatly improved by dis- 
solving these metal hydroxides with 
acid. It was therefore decided to line 
the sludge receiving sump with acid- 
proof brick to make provision for treat- 
ing sludge with acid. Upon comple- 
tion of the lining, another filter run was 
made on a batch of silver chloride 
slurry acidified to pH 3. This run 
proved to be much more successful than 
the first trial. On the basis of this 
experience a similar filter of larger 
capacity was obtained. It is antici- 
pated, with a filter of approximately 
5-eu. ft. capacity, that the drawoff 
from the treatment tanks to the sludge 
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conditioning tank and subsequent fil- 
tration will be done once a month. The 
silver content of the chloride thus ob- 
tained after drying is of the order of 
67 per cent. 


Alkali and Acid Wastes 


The foregoing discussion covers only 
a small portion of the total waste to 
be treated. Proving operations on the 
treatment of the main wastes were 
started late in November. During this 
period the instrumentation and auto- 
matic controls were being installed. 
The value of adequate instrumentation 
was proved when these initial process 
runs were made, as continuous treat- 
ment could not be carried out because 
of the many process steps which had 
to be controlled locally. Even though 
there were many cases of overflowed 
sumps and treatment tanks, struggles 
with proper pH maintenance and so- 
dium hypochlorite additions for cya- 
nide oxidation, ete., enough waste was 
processed to prove that the treatment 
scheme was basically sound and that 
any modification necessary to improved 
processing could easily be made. 
Gradually, as instrumentation and 
automatic controls were put into op- 
eration, it became possible to process 
increasingly larger amounts of the to- 
tal factory waste. The putting-into- 
service and calibration of automatic 
controls was done in stepwise fashion, 
first by putting controlling instruments 


Raw Waste 


Supernatant 


° Total Silver Silver Total Excess 

1 642 10.7 564 8.2 70 

2 829 10.65 585 4.4 86 149 

3 509 11.15 401 2.7 35 _— 

4 348 10.4 331 6.5 30 14 

5 389 10.7 364 2.7 54 77 

6 672 10.6 533 5.1 56 51 

7 431 10.7 440 0.7 40 116 

8 15 
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into operation and then doing the same 
for indicating and recording instru- 
ments. 

By the first week of January, 1954, 
the completion of instrumentation in- 
stallation was far enough advanced to 
start the processing of all factory 
wastes. After a week’s operation, some 
inconsistencies with the planned design 
became apparent. 


Flow Rates 


Flow rates of both alkali and acid 
wastes from the manufacturing plant 
exceeded the survey measurements by 
considerable amounts. This was in 
part due to the addition of several 
departments engaged in defense work 
since the waste survey was made, and 
also to a general laxness on the part 
of workmen in shutting off rinses when 
not in use. Although this increase was 
not too alarming, due to the fact that 
the wastes plant was designed with a 
large factor of safety, it was felt that 
the situation warranted a resurvey and 
a decrease in water usage wherever pos- 
sible. 

Consequently, a man was appointed 
to recheck all flowing rinses and de- 
crease the flows to the individual rinses 
to a point at which a minimum of 
water was used with no impairment of 
the quality of work being processed. 
Upon completion of this survey, con- 
trolling orifices were installed in the 
rinse lines to permanently maintain 
the desired flow rates. Concurrently, 
a directive was issued to all foremen 
in the manufacturing plant informing 
them that all rinses must be turned off 
during periods of non-operation. This 
program resulted in a decrease of ap- 
proximately 40,000 g.p.d. in the flow 
received by the waste treatment plant. 


Hypochlorite Usage 


In the early operation of the plant 
there was some concern about hypo- 
chlorite usage, since it appeared that 
the actual concentrations of cyanides 
in the wastes far exceeded all previous 
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estimates. This was found to be a tem- 
porary situation caused by a general 
clean-up in the plant just before an 
inventory period. However, it was 
obvious from this experience that the 
hypochlorite demand during clean-up 
periods in the future would exceed the 
capacity of the hypochlorite manufac- 
turing system. Hence, a 3,000-gal. tank 
was installed for storage of hypochlo- 
rite purchased from outside sources for 
use during periods of unusually high 
demand. 


Cyanide Oxidation 


It was pointed out previously (9) 
that two procedures for carrying out 
the oxidation of cyanide to carbon di- 
oxide and nitrogen were considered, 
both involving the use of chlorine or 
hypochlorite as the oxidizing agent and 
differing only in the pH used. The 
chemical reactions involved in either 
case are: 


CN- + Cl, > ONCI + CI 
+ 2NaOH NaCNO + NaCl 
NaCNO + 3Cl, + 2NaOH > 

CO, + 3N, + 3NaCl + H,O 


When these reactions are carried out 
at a pH value of about 8.5, the first 
two reactions are substantially com- 
plete in a few minutes but the third 
reaction requires perhaps 2 to 3 hr. to 
approach completion reasonably closely. 
The oxidation ean be carried out in less 
time by allowing the first and second 
reactions to occur at pH 8.5 or above 
and then adding acid to lower the pH 
of the reaction mixture to 6.5. At this 
lower pH value the third reaction is 
substantially complete in a matter of 
a few minutes. 

It will be noted that the proposed 
plant procedure (8) called for oxida- 
tion of cyanide at pH 8.5, despite the 
longer time required by this process 
as compared with the use of a lower 
pH for cyanate oxidation. This choice 
was made because other considerations, 
such as a schedule of operator’s duties, 


1 
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dictated the use of a minimum period 
of about 6 hr. for the cycle time on 
the alkali waste treatment tanks. With 
this much time available it appeared 
that the use of a single pH for the 
oxidation would be quite satisfactory 
and would have the advantage of elimi- 
nating one process step, the addition 
of acid to lower the pH. 

In putting the plant into operation 
it was found after considerable effort 
that the scheme involving the use of a 
higher pH (> 8.5) for cyanide oxida- 
tion to cyanate and a lower pH (about 
6.5) for oxidation of cyanate gave the 
following important advantages over 
oxidation at a single pH: 


1. The occasional appearance of 
eyanogen chloride odors in the filter 
room is avoided. When oxidation at a 
single pH value was used there oc- 
casionally occurred a combination of 
cireumstances which led to a definite 
odor of cyanogen chloride. This is 
simply to say that there appears to be 
no single pH at which all of the re- 
actions given proceed at appropriate 
rates. It is particularly important 
that a relatively high pH (> 8.5) be 
maintained until the second reaction 
is complete. 

2. The chlorine consumption of the 
wastes is considerably less if the two- 
step oxidation is used. It is assumed 
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that this is due to the elimination of 
reactions between chlorine and ma- 
terials other than cyanide or cyanate, 
apparently because these reactions be- 
came very slow at lower pH values. 


It should be borne in mind that very 
minute concentrations of cyanogen 
chloride were obvious in this plant be- 
cause of the indoor location of the 
sand filters. Checks on the actual con- 
centrations indicated no more than 2 
p.p.m. CNC in the final effluent. 

On the basis of these factors and a 
number of plant runs extending over 
several weeks, it was decided to use the 
two-stage oxidation scheme for cya- 
nides. Chlorine dosages have been cal- 
culated on the basis of analyses of the 
wastes for cyanide and cyanate. The 
chlorine dosage is taken as the theo- 
retical (7.5 lb. of chlorine per pound of 
eyanide plus 2.5 lb. of chlorine per 
pound of cyanate). That this scheme 
is functioning very well is shown by the 
results in Tables XI and XII. 

The change in processing necessi- 
tated a provision for pumping acid to 
the oxidation tanks in order that the 
pH might be lowered in the step de- 
scribed. Consequently, a Duriron pump 
of proper size was acquired and a 
Saran-lined pipe header was installed 
from which three separate take-offs 
were made to the three oxidation tanks. 


(p.p.m.) 


Total 
CN 
(p.p.m.) 

1 88.1 . 
2 2-15 8.8 72.0 
3 2-16 21.1 4.5 
1 2-16 19.8 2.8 
2 2-17 25.0 0.0 
3 2-17 21.7 5.6 
1 2-17 16.9 56.3 
2 2-18 25.2 2.1 
3 2-18 18.5 44 
1 2-19 19.5 0.0 
2 12.1 


2.03 


1.69 
92.5 1.17 _ 3.8 
83.8 0.78 — 6.4 
93.5 0.20 5.5 9.2 
99.5 0.77 0.4 20.0 
144 0.68 1.7 10.7 
104 1.63 — 8.5 
82.1 0.88 1.4 9.2 
77.0 0.21 — 3.5 

0.52 


: 
TABLE XI.—Cyanide Oxidation with NaOCl 
Raw Waste Treated Waste vy 
2 
‘ NaOCl CNO 
38 | 92 | 135 
: 
| 
ive 
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TABLE XII.—Final Effluent Analysis 


Ni | Zn 


(p.p.m.) | (p.p.m.) 


Date ( 


(p.p.m.) | 
(p p.m.) | PE 


0.20 

1.67 | 0.30 

0.07 0.18 

0.26 
0.09 
0.32 


| 


IN 


0.16 
0.16 


bo 


Acid-Alkali Balance 


At the time of the preliminary sur- 
vey, it was realized that a close bal- 
ance between acid and alkali wastes 
would be necessary to the processing. 
Accordingly, spot samples of alkali and 
acid wastes were taken and pH adjust- 
ments were made corresponding to 
those necessary to the treatment proc- 
These tests indicated a ratio of 
one part waste acid to four parts of 
alkali waste (9). The projection of 
laboratory-scale treatments to large 
process operations did not prove 
to be completely accurate. Ordinarily, 
amounts of waste acid sufficient to 
balance the alkali waste are available. 
Periodically, however, batches of alkali 
waste are collected which are so well 
buffered that the supply of waste acid 
is exhausted in overcoming the buffer- 
ing action. A 3,000-gal. sulfurie acid 


CSS. 


storage tank and the necessary piping 
has been installed as a provision for 
maintaining the waste acid at a suffi- 
cient strength. 


Floc Formation 


The injection of ferric chlorine so- 
lution at a point preceding the skim- 
mer was originally intended to accom- 
plish two objectives; namely, adjust- 
ment of pH and supplementing the 
metal content of the combined waste. 
Experience has shown that pH adjust- 
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ment must be achieved only by control- 
ling the volume of waste acid added, 
because the use of ferric chloride for 
this purpose results in the formation 
of too great a quantity of sludge for 
the maintenance of the proper sludge 
blanket in the thickener. 


Construction Materials 


A source of real trouble has been 
the oily nature of the alkali wastes. 
These wastes pass through a closed 
pH{ adjustment tank prior to collec- 
tion in one of the three cyanide oxida- 
tion tanks. At this point, it is neces- 
sary to introduce either waste acid or 
lime slurry to obtain the resultant pH 
of 9.0. Because of the acid injection 
at a point upstream from the pH ad- 
justment tank, this tank was equipped 
with a rubber lining and the agitator 
which provides for mixing was rubber- 
covered. The oils so deteriorated the 
agitator covering that the latter were 
completely stripped and the coating 
passed through the system and became 
lodged in the effluent valves from the 
oxidation tanks. This necessitated re- 
moval of the valves for dislodging of 
this material. It is hoped that the 
rubber lining on the tank itself will 
hold. If it shouldn’t, it would be an 
extremely difficult task to strip the 
tank completely and remove pieces of 
coating which may have entered the 
pumping system. 


pH Controls 


The pH adjustment of the entering 
alkali wastes is accomplished by means 
of a circular-chart pneumatic pH con- 
troller, which receives a signal from 
a pH amplifier. The pH electrode as- 
semblies used in connection with the 
amplifier are immersed in pH sampling 
tanks, through which a _ continuous 
stream of waste from the effluent side 
of the pH adjustment tank is flowing. 
Even though a duplicate set of elec- 
trodes is provided so that one set may 


11-54 | | 0.18 | 0.02 
15-54 | 0.09 | 0.00 

17-54 | 1.90 | 0.19 
:, 18-54 | 0.55 | 0.04 
18-54 | 0.03 — | 
a 19-54 | 0.09 | 0.18 | 1.53 | 0.23 : 

-22-54 | 0.13 | — | 
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be in operation while the other is being 
cleaned and stored in clean water, 
maintenance of the electrodes for cor- 
reet pH measurement is an extremely 
difficult task. The oils contained in 
the waste almost immediately coat the 
electrodes and the measurements  be- 
come less and less accurate. It has only 
been possible to maintain the pH meas- 
urement of the waste to any degree of 
accuracy through constant cleaning of 
the electrode assemblies. For this pur- 
pose a cleaning kit has been installed 
adjacent to the measuring equipment. 
This kit includes a supply of carbon 
tetrachloride, used for removing oils; 
a supply of methanol, for removing 
carbon tetrachloride from the surfaces 
of the electrodes, thereby providing a 
water-wettable surface; and a supply 
of paper tissues for wiping. 

The same situation exists at seven 
other points of pH measurement or 
control of the wastes in process, be- 
coming progressively less of a problem 
as the oils are removed from the waste 
in subsequent processing operations. 
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Conclusions 


Basically, the processing of wastes 
ran smoothly according to the pro- 
posed treatment procedures (8). The 
complete success of the entire treat- 
ment can be seen by comparing Table 
XII with Table IV (10). Because of 
the complexity of the treatment in- 
volved and because each waste treat- 
ment problem has its own peculiarities 
and requirements, it was anticipated 
that problems would arise necessitating 
changes and modifications in the treat- 
ment process and the processing equip- 
ment. The design of the plant was so 
flexible that necessary changes and 
modifications were and are being made 
with a minimum of difficulty. 

The straight-forward way in which 
the entire program has been carried 
out is illustrated by noting that from 
the time of initial contact with con- 
sultants to the completion of the plant 
to a point where all industrial wastes 
produced by the Sherrill plant of 
Oneida Ltd., were being treated, re- 
quired a period of only two years and 
nine months. 
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CORRECTION 


In the paper on ‘‘Analysis of a Stream’s Capacity for As- 
similating Pollution,’’ by M. A. Churchill Journat, 26, 7, 
887; July, 1954), the drawing shown as Figure 5 (page 899) 
should be interchanged with the drawing shown as Figure 7 (page 
901). 
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In an earlier paper (1), results of 
screening tests on a number of organic 
chemicals showed that quinones are 
generally toxic and that 2,3-dichloro- 
naphthoquinone (2,3-CNQ) * is highly 
and selectively toxic to bloom-produc- 
ing blue-green algae, including species 
of Microcystis, Aphanizomenon, Ana- 
baena, and Gloeotrichia. 

The present paper reports results of 
field experiments involving large-scale 
applications of 2,3-CNQ to eliminate 
and prevent recurrence of heavy 
growths of the bloom-producing blue- 
green algae. The main experiments 
were carried out on Spaulding’s Pond, 
a 27-acre pothole lake with an average 
depth of 10 ft., located near Janesville, 
Wis. This lake, which receives the 
drainage from approximately 200 to 
300 acres of rich agricultural land 
and has no outlet, is extremely fertile, 
and is known to support a continuous, 
heavy bloom of blue-green algae during 
the summer months. During 1952 and 
at the time tests were started in 1953, 
higher aquatie vegetation was nearly 
absent. The pHI of the water during 
the course of the summer varied be- 
tween 9.2 and 9.7. Zooplankton, snails, 
and fish (largemouth bass) were abund- 
ant. 


Materials and Methods 
The 2,3-dichloronaphthoquinone (2, 
3-CNQ) was used in the form of a 
paste containing 50 per cent active in- 


* Now standardized as ‘‘dichlone.’’ 
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gredient with wetting agent and 50 
per cent water. This preparation is 
miscible with water and, therefore, can 
be readily applied in various dilute 
suspensions. 

The chemical was applied as a water 
spray from a motor-driven, 11,-in., 
direct displacement water pump oper- 
ating at a capacity of 35 g.pm. This 
pump and a 30-gal. drum, for mixing, 
were mounted in a 12-ft. motor boat. 
The chemical was added to the mixing 
drum through a 10- by 16-in., narrow- 
snout funnel (aperture about 14 in.), 
which provided a fairly constant flow 
rate of about 50 lb. per hour. Water 
was circulated through the drum and 
the suspension (stock mixture) was 
withdrawn through an outlet pipe near 
the bottom of the drum. This pipe 
carried the suspension to the inlet of 
the pump, where it was mixed with a 
much larger volume of water drawn 
in from the lake. A bleeder line from 
the outlet of the pump was used to 
maintain a constant volume of 10 gal. 
in the mixing drum. The rate of cir- 
culation through the drum was ad- 
justed by valves in the outlet and 
bleeder lines. A 114-in. fire hose with 
nozzle was used for distributing the 
spray over a 30- to 40-ft. wide area 
on the lee side of the boat. The pump- 
ing rate was not varied, but an at- 
tempt was made to get uniform dis- 
tribution of the spray by adjusting the 
speed of the boat in accordance with 
the depth. However, in local areas with 


: 
: 
: 


Vol. 26, No. 9 


exceptionally high concentrations of 
algae, the rate of application was in- 
creased accordingly. The rates of ap- 
plication varied between 18 and 50 Tb. 
per treatment of the lake, correspond- 
ing to concentrations of from 20 to 55 
p.p.b. (parts per billion). 

For purposes of estimating the 
vrowth density of the algae, 20-qt. sam- 
ples of water were collected from each 
of two or more fixed stations on the 
lake. The samples were strained 
through a fine plankton net and the 
algae were rinsed into bottles with 
small volumes of water to a total of 
250 ml. On return to the laboratory, 
the bottles were placed in the re- 
frigerator (10° C.) overnight to allow 
any debris to separate from the algae. 
Aliquots (200 ml.) from each bottle 
were centrifuged and the algae placed 
in tared weighing bottles, dried in a 
foreed-draft oven at 63° C. for 24 hr., 
and then weighed. The remaining 50- 
ml. suspension was preserved with 
formaldehyde (2 to 4 per cent) for 
later reference. As sample dry weights 
of 10 mg. or less per 20 qt., consisting 
mainly of debris and zooplankton, were 
obtained from the lake even when the 
water was clear and practically free 
from blue-green algae, only values in 
excess of 10 mg. were considered as 
indicative of algal bloom conditions. 

As a further, indirect, check on the 
effectiveness of the treatment, samples 
were collected from Lake Waubesa, 
another fertile lake in the area, which 
also tends to support continuous 
blooms of blue-green algae. 


Results 


Treatment of Spaulding’s Pond was 
begun on July 10, 1953, when the first 
blue-green bloom (Microcystis) was ap- 
pearing, and was repeated at intervals 
until October 2. The exact dates and 
concentrations of chemical are indi- 
cated in Figure 1. It may be seen that 
a total of eight treatments with from 
20 to 53 p.p.b. of 2,3-CNQ were ad- 
ministered in the period from July 10 
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to July 28. The first two treatments 
effectively eliminated the existing popu- 
lation of Microcystis, but Aphanizo- 
menon replaced it. Successive applica- 
tions with higher concentrations of the 
chemical were therefore made at close 
intervals of time to get more effective 
killing and to stop the development of 
any recurring growth in its early 
stages. a consequence of these 
treatments, the lake was kept practi- 
cally clear from July 20 until about 
August 5, including one week following 
the last application. The lasting effect 
may well have been due to the dense 
growth of the green alga, waternet 
(Hydrodictyon sp.), and the appear- 
ance of various aquatic plants, such 
as bushy pondweed (Najas sp.) and 
waterweed (Anacharis sp.). The 
growth of the latter plants increased 
rapidly in this period and they un- 
doubtedly removed much of the avail- 
able nutrients. 

A second bloom of Microcystis ap- 
peared in the second week of August, 
reaching a concentration of about 70 
mg. per 20 qt., at which time the lake 
was sprayed. The following day the 
Microcystis had clumped at the surface 
and was rapidly decomposing to the 
extent that the north (windward) end 
of the lake was colored a light blue by 
the released pigment, phycocyanin. 
Following this single treatment the wa- 
ter was clear and practically free from 
blue-green algae until the early part 
of September. During this period 
green algae and aquatic plants were 
abundant. 

The second week of September there 
was a rapid growth of Aphanizomenon. 
Masses of the algae became attached to 
and covered the aquatic plants so com- 
pletely that the latter were killed, ap- 
parently from this cause. A treatment 
on September 18 caused clumping of 
the Aphanizomenon and killed a large 
portion of the population. lIowever, 
since the beds of aquatic plants were 
dead at this time, the nutrient supply 
must have been very high, and this 
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FIGURE 1.—Effect of 2,3-dichloronaphthoquinone treatments on blue-green algae in 
Spaulding’s Pond (1953). 


may account for the rapid recovery of 
Aphanizomenon and some additional 
vrowth of Microcystis. The total popu- 
lation of the two species reached ex- 
ceedingly high values (about 270 mg. 

dry weight per 20 qt.) at the end of 
September. Two successive treatments 
with 55 p.p.b. 2,3-CNQ, on October 
1 and 2, clumped and eliminated this 
algal population and the lake remained 
fairly clear throughout the month of 
October. 

During the months of July and Au- 
gust, samples were taken at intervals 
from one station on Lake Waubesa, and 
the densities of growth obtained in 
this lake are indicated by an encircled 
triangle in Figure 1. The fact that a 
bloom was maintained continuously in 
this lake indicates that conditions were 


favorable for algal growth during these 
months when the blooms on Spauld- 
ing’s Pond were prevented by the 
chemical treatments. Although no sam- 
ples were collected from Lake Waubesa 
during the latter part of the summer, 
bloom conditions were observed to con- 
tinue and were recorded until October 
15. 
Discussion 


Although it is difficult to obtain 
quantitative data on the effects of 
large-scale applications of algaecides, 
partly because of the variability in 
growth and distribution of the organ- 
isms, and partly because of the lack 
of direct controls, the effects of treat- 
ments of Spaulding’s Pond were strik- 
ingly evident from visual inspection 


: 
Gs 
< 
| 


Vol. 26, No. 9 


and it is felt that 2,3-CNQ, when ap- 
plied in’ sufficient concentration (30 
to 50 p.p.b.) is effective in eliminating 
even very heavy blooms of blue-green 
algae. The treatments had no appar- 
ent adverse effects on the fish and gen- 
eral biotie conditions in the lake. Ob- 
servations carried out by the Wisconsin 
Conservation Department in conjune- 
tion with these experiments have shown 
that the population of fish and zoo- 
plankton was abundant and remained 
unaffected by the treatments. 

Prior to the large-scale treatment 
of Spaulding’s Pond, various tests had 
been carried out to determine possible 
harmful effects of treatments with 
2.3-CNQ on aquatic animals and 
plants. Several small-scale applications 
were made in experimental tanks and 
isolated lagoons on Lake Waubesa. No 
harmful effects on fish were observed 
from concentrations which effectively 
killed the blue-green algae. Further- 
more, continuous applications of the 
chemical to maintain concentrations in 
the water of from 20 to 40 p.p.b. over 
a period of several weeks were carried 
out on a lagoon connecting with Lake 
Mendota and with the Yahara River 
at Tenney Park, and continuous appli- 
cations for several days at a time were 
made to the Yahara River at the locks 
between Lakes Waubesa and Kegonsa. 
At Tenney Park, a suspension of the 
chemical was thoroughly mixed with 
the inflow water, which enters at a 
rapid and fairly constant rate through 
an inlet tube from Lake Mendota and 
then passes slowly through the lagoon. 
This arrangement, therefore, was very 
favorable for observations on the ef- 
fect of the chemical. No indications of 
damage to the vegetative or mixed fish 
population were obtained. In the con- 
tinuous application of 2,3-CNQ to the 
Yahara River, similarly, no damaging 
effects were observed. In this case the 
chemical treatment caused a definite 
reduction (50 per cent or more) in the 
heavy algal population carried by the 
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river from Lake Waubesa, as was estab- 
lished by sampling the water before, 
during, and after the treatments at six 
successive stations over a distance of 
2.5 mi. from the point of application. 
A number of short-term experiments 
have also been carried out in aquaria, 
partly in cooperation with the Wis- 
consin Conservation Department, which 
indicated that the chemical in the con- 
centrations necessary to kill the blue- 
ereen algae is non-toxic to fish, snails, 
and to higher aquatic plants. 

In cases where the chemical may be 
used to kill very heavy blooms it is not 
excluded that temporary toxic condi- 
tions may arise secondarily in connec- 
tion with the rapid decomposition of 
large masses of algae subsequent to the 
treatment. 


Such conditions are known 
to occur, also, in the absence of chemi- 
cal treatment when algae are aggre- 


gated by wind and wave action and 
undergo rapid decomposition. 

The present results indicate that the 
single treatment in itself is effective 
in preventing growth of algae only for 
a period of a few days. However, re- 
pression of the growth of the blue- 
green algae offers an opportunity for 
vigorous growth of green algae and 
for the establishment of higher aquatic 
plants, which in their turn may retard 
the development of blue-green blooms. 
The question of optimal dosage and 
frequency of treatment will vary with 
the conditions in each location and can 
only be worked out in a general way 
by extensive practical testing. Simi- 
larly, the possible effectiveness of par- 
tial (shoreline) treatments remains to 
be investigated. Considering the high 
potency and selectivity of 2,3-CNQ, 
together with its effectiveness as dem- 
onstrated in this large-scale test, it 
would appear that the chemical might 
provide a more efficient and practical 
means of controlling blooms of blue- 
green algae than do the methods now 
in use. 
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SEWAGE AND 
Summary 
A large-scale test of the effectiveness 
of 2,3-dichloronapthoquinone (2,3 


CNQ) in controlling excessive growths 
of blue-green algae has been carried out 
on Spaulding’s Pond, Wis. This 27- 
acre, highly fertile lake normally sup- 
ports a continuous bloom of algae dur- 
ing the summer months. 

Spray applications of 2,3-CNQ sus- 
pensions to give over-all concentrations 
from 30 to 55 p.p.b. in the lake clumped 
and effectively killed even heavy 
¢rowths of the blue-green species. The 
chemical treatment had no observable 
harmful effects on green algae, higher 
aquatie plants, fish, or zooplankton. In 
cases of rapid recurrence of growth of 
the blue-green algae, repeated applica- 
The lasting effect 
of treatments, however, may be indi- 
rectly increased by vigorous growth 


tions are necessary. 


of green algae and higher aquatics fol- 
lowing the suppression of the blue- 


vreens. 
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INVENTORY AND ADEQUACY OF MAJOR 
COMMUNITY WATER SUPPLIES 


Key facilities of the water supplies 
of the major communities of the United 
States are inadequate in terms of popu- 
lation growth and industrial expansion 
it is indicated in an inventory of the 
facilities released recently by the 
Business and Defense Services Admin- 
istration, U. S. Department of Com- 
merce, 

The inventory covers 548 water sup- 
ply systems serving more than 80,000 
people in the 560 cities and towns 
served by community water supplies. 
The average daily consumption of wa- 
ter in these communities exceeds 12,000 
m.g., or an average of 150 g.p.c. This 
compares with an average of 100 
g.p.c'd. in 1910. The maximum day 
runs as high as 19,000 m.g., or about 


230 2.p.c., 60 per cent above the aver- 
age daily use. 

The inventory was prepared by the 
Water and Industry and 
Utilities Division of BSDA by assem- 


Sewerage 


bling and correlating information from 
the Water Division, Na- 
tional Production Authority; U. S. 
Publie Health Service; U. S. Geologi- 
cal Survey; Community Facilities 
Service, Housing and Home Finance 
Agency; National Board of Fire Un- 
derwriters; American Water Works 
Association ; and the technical press. 

Copies of the inventory may be ob- 
tained at $0.25 each from the U. S. 
Department of Commerce, Washington 
25, D: C. 
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SURVIVAL OF E. COLI IN WATER FROM GREAT 
SALT LAKE 


By R. S. Fraser ann C. I. ARGALL 


Director, and Chief Bacteriologist, respectively, Division of Laboratories, 
Utah State Department of Health 


Great Salt Lake is the principal 
drainage center of the Great Basin. 
As it has no outlet, its salt concentra- 
tion is always near the saturation point. 
This high salinity has led to the gen- 
eral assumption that the water is very 
bacteriostatic and bactericidal for all 
organisms other than those of its in- 
digenous halophilic flora (1). The lake 
therefore has been regarded as a safe 
depository for untreated sewage from 
the cities and towns on its inlet sys- 
tems. 

Zobel, Anderson, and Smith (2) 
found that sewage, soil, and oral cavity 
bacteria failed to grow on a medium 
containing 50 per cent lake water, and 
that only 81.1 per cent of the sewage 
bacteria were viable on a 10 per cent 
lake-water medium. No growth was 
obtained when 23 samples of lake wa- 
ter, seeded with pure cultures of re- 
cently isolated Escherichia coli, were 
inoculated into lactose broth or into 
EMB agar plates. In another of their 
experiments lake water was inoculated 
with sewage and ‘‘other sources of 
fresh-water bacteria.’’ One ml. quan- 
tities of the polluted water were then 
planted on standard nutrient agar. 
They concluded from this experiment 
that Great Salt Lake destroyed the 
viability of sewage bacteria almost im- 
mediately. Exposure for 1 min. to un- 
diluted lake water killed more than 
95 per cent of the bacteria. 

In discussing this experiment they 
injected a note of caution into the in- 
terpretation of the results obtained and 
recognized that ‘‘part of the apparent 
bactericidal effect may be due to the 


bacteriostatic action of the lake water 
which is carried over to the nutrient 
agar with the inoculum.’’ If the re- 
sults of these studies were questionable 
because of the limitations of the lab- 
oratory methods available at that time, 
then the assumption that the lake water 
is bacteriologically safe is also in doubt. 
Before such a credence ean be sub- 
stantiated, a method is needed that 
allows the transplanting of organisms 
from an unfavorable environment to 
one that is favorable. The method 
should, at the same time, permit the 
examination of large quantities of the 
lake water, as the contaminating ma- 
terial introduced into the lake is soon 
highly diluted. 

The membrane filter technique was 
found by Goetz, Gilman, and Rawn 
(3) to be adaptable to bacteriologie 
studies of ocean water. It was decided 
to apply this method to determine the 
survival of EF. coli in Great Salt Lake 
water. 


Method 

A sample of lake water was collected 
from the south shore of the lake. The 
water was 92 per cent saturated with 
sodium chloride, as determined gravi- 
metrically, and its temperature at col- 
lection was 8° C. Two 1,000-ml. samples 
were removed, one being stored at 23° 
C. (R°), the other at 6° C. (Ref°). 
When the water had reached the tem- 
perature of its environment it was 
seeded with 1-ml. of a 1: 1,000 dilution 
of a broth culture of five strains of 
recently isolated E. coli. The resultant 
dilution (1 x 10°) had been found to 
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give a bacterial colony count of ap- 
proximately 100 per ml. A like dilution 
was made in 1 |. of normal saline to 
Each of the 1-1. 
samples was shaken thoroughly and five 


serve as a control, 
l-ml. portions were removed immedi- 
Each 
portion was introduced into 100 ml. 
then 
through a sterile membrane filter under 
The 


were then flushed with sterile water to 


ately to serve as initial controls. 


of sterile saline and passed 


negative pressure, membranes 
remove any traces of the lake water 
that may have been retained in or on 
the membrane and were then incubated 
on media pads saturated with EHC 
Albimi peptone M broth (4) at 37° C. 
After 2 hr. on 
the enriched substrate the membranes 


in a moist incubator. 
were transferred to pads containing 
EHC Endo’s broth 
and replaced in the incubator. 

In these initial samples the exposure 


double-streneth 


of the bacteria to the lake water was 
less than 2 min. Other 1-ml. samples 
of the R° lake water 
after 30, 60, 90, and 165 min. of ex- 
posure. Samples of the Ref 


were removed 
lake water 
were removed after 1, 2.75, 4, 6, 
8 hr. of exposure. 


and 
Five of the samples 


TABLE I.—-Survival of Escherichia coli 
in Water from Great Salt Lake 


Av. Colony Count per M1 
of Lake Water* 


Lake 
Control 


Saline 


Ref°t Control 


86.8 105 


71.4 


SS.6 
59.4 
69.2 
72.6 103 83tt 
* All results are averages of five membranes 
except as noted. 
t 23° C. 
t6°C. 
** Only one membrane. 
+t Average of two membranes. 
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were removed at each time interval, as 
earlier experiments with the membrane 
filter had indicated that at least this 
number of membranes would have to 
be examined to obtain fairly accurate 
results (5). All samples were handled 
in the same manner as deseribed for 
the initial samples. 

In addition to the foregoing, a 100- 
ml. sample of the R° lake water was 
removed after 8 hr. of exposure, and 
passed through a membrane, which was 
then flushed with 100 ml. of sterile 
water. A second lot of five membranes 
was inoculated with the saline control 
at the end of 8 hr. at 23° C. Two 100- 
ml. samples of the original—that is, 
uninoculated lake water—were passed 
through membranes, which were then 
flushed with sterile water. An addi- 
tional control (LW control) consisted 
of two samples of sterile water, each 
inoculated with 1 ml. of the R° lake 
water; these two samples were held 
at room temperature for 8 hr. before 
being passed through membranes. All 
of the were cultured in 
the manner described. After 16 hr. of 
incubation the membranes 


membranes 


were re- 
moved from the incubator, the colonies 
were for the 
five membranes from each time interval 
were computed. The results of this por- 


counted, and averages 


tion of the study are presented in 
Table I. 

Since the results obtained with the 
Ref 
crease in the number of viable organ- 
isms, another 1-l. sample of the lake 
water, cooled to 6° C., was inoculated 
with the broth culture of E. coli. After 
0, 8, 10, and 12 hr. of exposure at Ref‘ 
temperature, 100-ml. samples were re- 


sample showed no significant de- 


moved and passed through membranes. 
Each membrane was flushed with sterile 
water and cultured under the same con- 
ditions used in the initial experiment, 
with the exception of the 12-hr. mem- 
brane. Here, because of the time in- 
volved, it was decided to dispense with 
incubation on the enriched medium and 


~ 
Time 
0 
0 30 $8.2 | 
| 30 38.4 
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TABLE II.— Survival of E. coli in Lake Water 
at 6° C. for 24 hr., Substrates Being Varied* 


| Individual Membrane Counts per 100 M1 


_ Lake Water at 37° C. 
Exposure | 


Albimi Peptone M 


Endo 
and Endo 


Alone 


289 

256 

10 267 = 
12 — 17 
24 | 165, 144, 123 11, 8,3 


*No growth obtained on two membranes 
exposed to uninoculated lake water. Colony 
counts were made under 10X magnification. 
All colonies observed were typical for FE. coli 
on Endo’s medium. 


the membrane was incubated directly 
on Endo’s broth. When the results of 
this experiment were read after 16 hr. 
of incubation, it was decided to run the 
remainder of the inoculated lake water, 
which had been held at 6° C., through 
membranes at the 24-hr. period. The 
sample was divided into six lots of 
100 ml. each. These were passed 
through membranes; three of them 
were incubated on Albimi peptone M 
broth for 2 hr. before being transferred 
to the selective substrate. The other 
three membranes were incubated di- 
rectly on Endo’s broth. 

The results are given in Tables I 
and IT. 


Discussion 


The results summarized in Tables I 
and II show a marked difference in the 
ability of coliform bacilli to survive 
in warm (R°) and cold (Ref°) lake 
water. As is evidenced from the re- 
sults obtained, it has not been possible 
to obtain highly reproducible results 
with the membrane filter technique. 
In this study, individual membrane 
counts deviated +15 per cent from 
the average of the five membranes run 
at any time interval. Thus, the differ- 
ence in counts must be marked to be 
considered significant. The apparent 
reduction of 16.5 per cent in the num- 
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ber of viable organisms after 8 hr. of 
exposure in the cold water (Table I) 
and the 11.4 per cent reduction for the 
same time interval in the extension of 
this study (Table IT) are within the 
range of error of the experiment and 
cannot be interpreted as a real reduc- 
tion. Apparently, as shown from these 
results, about 50 per cent of the organ- 
isms are still viable after 24 hr. of 
exposure to the cold lake water. On 
the other hand, the counts obtained 
suggest that few sewage bacteria will 
remain viable after 8 hr. of exposure 
to warm lake water (R°, comparable 
to summertime temperatures). 

The marked discrepancies obtained 
in colony counts on membranes that 
had been incubated on a primary en- 
riched substrate before being placed 
on an inhibitory and selective medium, 
and those that were placed directly on 
the Endo’s broth, demonstrate the 
necessity of a starter medium. This 
would appear to be essential for the 
culture of organisms that have been 
subjected to unfavorable conditions. 

The difference in the results obtained 
in this and the previous studies on 
Great Salt Lake in which conventional 
methods were used, gives evidence of 
the value of the membrane filter tech- 
nique in bacteriologic studies in which 
the viability of bacteria subjected to 
unfavorable conditions is under con- 
sideration. 

Summary 


1. Contrary to previous assumptions, 
E. coli is not killed rapidly by 
water from Great Salt Lake. At sum- 
mer temperatures few bacteria will sur- 
vive more than 8 hr., but at 6° C. ap- 
proximately 50 per cent will survive 
24-hr. exposure to the lake water. 

2. The membrane filter technique 
proved valuable in testing the survival 
of bacteria in an unfavorable environ- 
ment, and has provided an excellent 
means for transferring organisms from 
an unfavorable environment to one that 
is favorable. 
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PROGRESS REPORT ON A STUDY OF THE MECHANISM 
OF ANAEROBIC DIGESTION 


A research project to characterize 
and study fat transformation during 
unseeded, seeded, limed, and acceler- 
ated anaerobic sludge digestion has 
been carried out at Rutgers University 
by H. Heukelekian and P. K. Mueller. 
The study was supported by a research 
grant from the National Institutes of 
Health, USPHS. 

A progress report covering the pe- 
riod October 1952 to September 1953 
showed the following: 


total 
total 


included 
greases, 


chosen 
acid-free 


Parameters 
total 


creases, 


free fatty acids, unsaponifiable matter, 
total glycerides, total glyceride fatty 
acids, total free and glyceride saturated 
fatty acids, and individual free and 


elyceride unsaturated fatty acids. For 
all parameters, methods had to be de- 
veloped or adapted. Accuracy of the 
various analyses used was usually bet- 
ter than 90 per cent, with precision 
usually better than + 5 per cent. 

Of the total greases in fresh solids, 
about 67 per cent is free fatty acid, 
and 33 per cent is acid-free grease; 
20 per cent is unsaponifiable matter, 
10 per cent is saturated fatty acid. 
The individual fatty acids are pri- 
marily stearic, palmitic, mono- and di- 


unsaturated, probably oleic and linoleic 
acids. Oleic acid comprises about 90 
per cent of all unsaturated acids. In 
fresh solids digestion, results indicate 
that during the acid digestion stage 
total greases decrease while free fatty 
acids increase, thus suggesting the 
breakdown of glycerides. Indications 
point to immediate utilization of the 
unsaturated acids. The total glyceride 
fatty acids also decrease. Unsaponifi- 
able matter shows no significant change. 

Seeded sludge digestion showed a 
steady decrease in total greases, total- 
ing to a 30 per cent loss. There was 
a corresponding 20 per cent loss in 
acid-free greases, whereas the total free 
fatty acids almost entirely disap- 
peared. There was no_ significant 
change in unsaponifiable matter. 
About 70 per cent of the initial glycer- 
ides are completely destroyed during 
seeded digestion. After cessation of 
maximum gas production, the remain- 
ing glycerides continue to be metabo- 
lized with the accumulation of unsatu- 
rated components in ripe solids. This 
accumulation may be an important faec- 
tor in the practice of seeding fresh 
solids, in that a rich source of growth- 
promoting substances aids in rapid in- 
itiation of gas production. 
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EFFECTS OF NITROGENOUS COMPOUNDS ON 
STREAM CONDITIONS * 


By Norman G. Fuaica AND Grorce W. 


Engineer, U. S. Bureau of Reclamation, Oklahoma City, and Associate Professor of Sanitary 


The increase in domestic, industrial, 
and agricultural use of water and ac- 
crued wastes are rendering unusable 
much of the natural water resources. 
Many of these wastes contain large 
quantities of plant nutrients, which 
promote the growth of organisms in 
water. These organisms cause undesir- 
able effects in municipal and industrial 
water supplies and create nuisances 
interfering with recreational facilities 
such as fishing and boating. This is 
particularly true in areas in which 
there is little natural dilution, such as 
the Southwest, and even despite what 
is termed ‘‘complete’’ treatment. 
Plant nutrients or fertilizers origi- 
nate from several sources. Most im- 
portant of these sources are excess 
commercial fertilizers applied to the 
lands, pasture and barnyard manures, 
domestic sewage, and industrial wastes. 
The fertilizer elements involved are 
principally nitrogen and phosphorus. 
The larger, busier population is put- 
ting greater quantities of these ele- 
ments into the watercourses of the 
country. Consider, for example, the 
increase in the use of synthetic deter- 
gents in recent years. Few people 
realize that the most important constitu- 
ents of these compounds are usually 
complex phosphates. These substances 
are not affected by ordinary sewage 
treatment. Consequently, they flow 
through the treatment plants and into 
the streams undiminished in quantity. 
It is estimated that the phosphorus con- 
tent of domestic sewage is about twice 
that experienced before the introduc- 
tion of synthetic detergents. 
* Presented at 1953 Annual Meeting, Okla- 


homa Water, Sewage, and Industrial Wastes 
Conf.; Stillwater, Okla.; Nov. 16-20, 1953. 


Engineering and Public Health, University of Oklahoma, Norman, Okla. 
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Also, fertilizer sales in the United 
States have increased greatly. Al- 
though a relatively small portion of this 
material reaches the streams under 
normal conditions, it is possible that 
heavy rains immediately following 
fertilizer spreading may wash away ap- 
preciable quantities. Sawyer (1) in 
his studies of several lakes in southern 
Wisconsin found indications that agri- 
cultural drainage was responsible for 
contribution of fertilizer elements to 
lakes. 

Organisms, algae or phytoplankton, 
living in the water and flourishing be- 
cause of excess amounts of plant nu- 
trients may cause tastes and odors in 
the water and may cause mechanical 
difficulties in the filters themselves. 
Tastes and odors are usually difficult 
and expensive to remove. For these 
reasons, it is desirable to avoid taste 
and odor problems. Also, these organ- 
isms may convert the inorganic com- 
pounds of nitrogen and phosphorus 
into organic compounds of these ele- 
ments which may in turn furnish food 
for other organisms unable to synthe- 
size their own foods directly from the 
mineral forms. Some of the latter or- 
ganisms may also cause taste and odor 
problems. 

Naturally, a great many things affect 
the growth of phytoplankton. Some of 
the more important factors are food 
supply, sediment load, stream move- 
ment, quantity of water, and the chemi- 
eal content of the food available. It 
is generally accepted that the higher 
plants are able to use both the am- 
monia and the nitrate nitrogen. 
Thorne and Peterson (5), however, re- 
port that maximum crop production 


+. 
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seems to require that part of the nitro- 
gen be available in the nitrate form. 

Chu (6) found that all the organ- 
isms he studied could use both the 
ammoniacal and the nitrate nitrogen, 
although the relative nutritional value 
of the two types differed to some extent 
depending upon the organism. One 
showed better growth with 
nitrate nitrogen, whereas the other four 
showed equally good growth with both 
types while within the optimum range 
of nitrogen concentrations. Penning- 
ton (7), in experiments with hetero- 
geneous groups of organisms grown in 
sunken ground pans, found both am- 
monia and nitrate nitrogen usable by 
the cultures. Furthermore, he found 
that nitrites were formed from either 
the ammonia or the nitrate nitrogen. 
Welch (8) reported that dilute solu- 
tions of nitrite were injurious for some 
plants and that solutions of nitrite 
were more toxic than those of the same 
strength of nitrate. 

These papers point out a_ possible 
eontrol for algae. Regulation of the 


organism 


amount of nitrogen and phosphorus in 
the water will influence the growth of 


plant life therein. Researchers have 
observed no growth where phosphorus 
was absent. Phosphorus can be re- 
moved by a number of different proc- 
esses. However, these processes in- 
volve additional expenditures for 
chemicals and equipment. 

On the other hand, if algae are un- 
able to use a particular form of nitro- 
gen, that form of nitrogen can be sup- 
plied by operation of a normal sewage 
treatment plant without additional 
equipment or chemicals. In the nitro- 
gen cycle proteins are changed into 
ammonia, the ammonia into nitrites, 
the nitrites into nitrates, and finally 
the nitrates are converted into pro- 
teins, completing the cycle. Raw sew- 
age usually contains ammonia nitrogen 
in large quantities, whereas sewage 
treatment plant effluents usually con- 
tain lesser amounts of ammonia nitro- 
gen and larger amounts of nitrates, 
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depending upon the process. Nitrites 
vary from a very small amount in raw 
sewage to a maximum of slightly more 
than 0.5 p.p.m. in trickling filter efflu- 
ents, and are slightly less in the final 
settling tank effluents. 

Evidence from sewage treatment 
plant practice seems to indicate that 
the worst blooms of algae are associ- 
ated with the most highly nitrified 
effluents. This would seem to indicate 
that ammonia is not as good a fertilizer 
as the more highly oxidized forms of 
nitrogen. It would also seem to indi- 
eate that it is desirable to regulate 
sewage treatment processes so as to 
produce ammonia nitrogen. Farmers 
could accomplish the same results by 
using fertilizers containing ammonia 
rather than nitrate nitrogen. 

The problem is to discover if there 
is a form of nitrogen which is more 
readily utilized by the phytoplankton. 
If there is a preference, measures can 
be taken to control their growth by 
changing the nitrogen to forms which 
they cannot use. 


Experimental Procedure 


Basically, the problem was one of 
varying the amount of phosphate and 
varying the amount and form of nitro- 
gen and observing the growth of algae 
over a period of time. Chu (6), 
Sawyer (1), and Welch (8), all report 
that only very small amounts of phos- 
phorus are necessary to stimulate algal 
blooms. Because small amounts of 
phosphates are likely to be present un- 
der many conditions in surface waters, 
they were not considered to be limiting 
for the purpose of this study. 

Therefore, it was decided to run an 
initial test with a fixed amount of 
nitrogen available and to vary the 
amount of phosphorus available. The 
optimum amount of phosphorus deter- 
mined in this method would then be 
used in the study of the growth of 
algae with various amounts and types 
of nitrogen. 

The standard methods of measuring 
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algal growth were too slow and labori- 
ous for a study of this scope. Litera- 
ture research revealed that estimation 
of growth by measurement of the 
turbidity by a photoelectric cell corre- 
lated well with the standard methods. 
The method of estimation of growth 
by turbidity is especially applicable 
when there is an appreciable difference 
in the size of the individual organ- 
isms. Turbidity is not only a function 
of the number of individuals, but also 
of the size and density of the cell con- 
tent. Measurement of growth by tur- 
bidity is especially applicable to this 
study because of the heterogeneous 
type of growth employed. 

Samples of plankton were collected 
from a small stream southwest of Nor- 
man, Okla., and from a small reservoir 
northwest of Oklahoma City. The res- 
ervoir receives effluents from the Beth- 
any sewage treatment plant.  Micro- 
scopic examination showed that both 
samples consisted mainly of organisms 


belonging to the class Chlorophyceae. 
In the first sample the algae was pre- 
dominantly of the genus Ulothrix and 


the second sample was composed 
mainly of organisms belonging to the 
genus Spyrogira, 

Although the predominant organ- 
isms in the samples were those men- 
tioned, actually a wide range of ani- 
mal and plant life was present. No 
attempt was made to maintain a bae- 
teriologically sterile condition, since 
bacteria are always present in nature. 
Microscopic examination revealed a 
wide variety of organisms, such as 
protozoa, ciliates, rotifers, and small 
crustaceans. ‘These organisms are all 
present in normal stream conditions 
and are a part of the regular ‘‘chain 
of life’’ typical of a fertile water. 
These heterogeneous collections of or- 
ganisms were used because it was felt 
that they were representative of the 
life in streams polluted by slight to 
moderate amounts of sewage or sewage 
treatment plant effluents. 

Portions of these algae were placed 
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in jars and set in a window having a 
southern exposure. At regular inter- 
vals the water was changed and a small 
amount of a commercial plant food 
added to the water. In this manner, 
seed colonies were maintained during 
the course of this experiment. 

Three nitrogen forms—nitrite, am- 
monia, and nitrate—were required. It 
was considered desirable to avoid the 
carbonate compound of ammonia be- 
cause the variation in carbonate ion 
concentration might affect the carbon 
dioxide pressure in the test jars. Al- 
though the effect of the chloride ion 
on the growth of algae is not believed 
to be of significance in low concentra- 
tions, it was considered desirable to 
keep the concentration as low as pos- 
sible. Consequently, ammonium sul- 
fate was selected to be the vehicle for 
the ammonia ion. Sodium nitrite was 
selected to be the nitrogen carrier for 
the nitrite form because of the stability 
of this compound. Although the addi- 
tional amount of sodium was not de- 
sirable, the disadvantage was consid- 
ered to be less than the advantage of 
having a relatively stable form of the 
nitrite. Potassium nitrate was selected 
to furnish the nitrate radical. Gelatin, 
consisting of pure protein, was used 
to supply organic nitrogen. In the test 
in which magnesium was added to the 
water, magnesium chloride was chosen. 

Phosphorus was supplied by a solu- 
tion of dibasic potassium phosphate. 
This compound was selected because of 
its high solubility. 

Two controls were provided for each 
test run. A blank sample of the water 
used in each test was exposed to the 
same conditions as the test jars. An- 
other sample of the water without nu- 
trients was seeded with algae in the 
same manner as the fertilized portions 
and measurements made of the growth 
along with the others. 


Analytical Results 
The first step in this study was to 
determine the level of phosphate ferti- 
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lization for the nitrogen tests. Tests 
were made with a fixed amount of 
nitrate nitrogen and various amounts 
of P.O. in a series of test jars. A sam- 
ple of Spirogyra showed maximum 
growth for 10 and 15 p.p.m. of P.O,. 
It was decided to use 10 p.p.m. of 
phosphorie acid for the first test. 

In the first test, tap water was used. 
A portion of the colony of Ulothrix 
was placed in a beaker of the tap water 
and thoroughly dispersed with bub- 
bling air. Three series of seven vessels 
each were assembled and each dosed 
with 10 p.p.m. of phosphoric acid. 
Each series of vessels was dosed with 
0 to 30 p.p.m. of nitrogen in steps of 
5 p.p.m. One series of jars was ferti- 
lized with ammonia nitrogen, one with 
nitrite nitrogen, and one with nitrate 
nitrogen. Twenty milliliters of the dis- 
persed algae solution were added to 
each of the test portions. All of the 
test portions were then diluted to 500 
ml. total test volume. Portions of 500- 
ml. volume were used because this was 
a covenient size to work with. The 
seeded solutions were stirred well and 
the initial measurements made. The 
test Jars were placed by a window with 
a southern exposure and allowed to re- 
main undisturbed until the next series 
of measurements were taken. Watch 
glass covers were used to reduce con- 
tamination from the air. Observations 
were made over a period of about five 
days. At the end of this period, micro- 
scopic examination revealed that most 
of the organisms in the jars having the 
lesser amounts of fertilizers were in a 
state of decay and the test was discon- 
tinued. 

The second test was made with well- 
aerated distilled water. The algal col- 
ony, consisting mainly of Spirogyra, 
was used for the second run. The gen- 
eral procedure was the same except that 
it was arbitrarily decided to use 25 
p.p.m. of P.O, in all the test portions 
and six vessels were used in each series 
with nitrogen dosages of 0, 10, 20, 40, 
60, and 100 p.p.m. In addition to the 
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fertilizers, 10 p.p.m. of magnesium 
were added to each test portion. Meas- 
urements were discontinued at the end 
of five days, when many of the organ- 
isms in the test jars with smaller 
amounts of fertilizer were found to be 
decaying. 

Run No. 3 was made with the same 
algae used in run No. 2, but a modified 
Chu No. 5 nutrient solution (17) was 
used. The composition of the nutrient 
solution in grams per liter was as fol- 
lows: K,HPO,:3H,0, 0.005; MgSO,- 
7TH,.O, 0.025; NaCl, 0.04; CaCO,, 0.01; 
and FeCl, 0.001. The algae were 
grown in Erlenmeyer flasks containing 
the nutrient solution and 20 p.p.m. 
of nitrogen as nitrate, nitrite, ammonia, 
and protein. Crude protein was as- 
sumed to be 6.25 times the organic 
nitrogen content of the gelatin. Meas- 
urements of growth were made with 
the colorimeter over a period of 18 
days. No additional tests were made 
with organie nitrogen because no way 
could be found to eliminate the tur- 
bidity due to decomposition of the pro- 
tein. 

Run No. 4 was made with a modified 
Chu No. 5 nutrient solution. The com- 
position of the nutrient solution, in 
erams per liter, was as _ follows: 
K,HPO,-3H,0, 0.005; MgSO,-:7H,0, 
0.070; NaCl, 0.040; CaCO,, 0.01; and 
FeCl.,, 0.001. Test tubes were seeded 
with a type of algae that developed 
on the sides of the jars containing the 
seed colonies. Test tubes were filled 
with the nutrient solution and three 
inorganic forms of nitrogen in concen- 
trations of 0, 10, 20, and 30 p.p.m. 
Measurement of growth was made di- 
rectly by placing the culture tubes in 
the colorimeter, and the measurement 
was made in terms of percentage of 
light transmitted. In order to compare 
the results, values obtained in runs 
1, 2, and 4 have been divided into 
growth values obtained in the absence 
of nitrogen. These data are shown 
graphically in Figures 1 through 14. 
The values represent the increase in 
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growth over that for 0 p.p.m. of nitro- 
gen. 

Results of Run No. 3 are shown in 
Table I. Because this run was not 
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controlled as carefully as the first two 
runs, and because the results are in 
question, due to the turbidity of the 
decomposed protein, no further compu- 
tations were made with the recorded 
values, other than a simple average of 
the three readings. An attempt was 
made to correct for the turbidity by 
making a measurement of the supernat- 
ant liquid before agitations. This was 
not completely successful, although the 
results appear better than might be an- 
ticipated. At the end of eight days, 
the liquid began to clear and take on 
a greenish cast. Microscopie examina- 
tion of the green material showed a 
wide variety of organisms containing 
chlorophyll. During the eight days, 
the protein probably decomposed and 
advanced part way through the nitrifi- 
cation process. It was impossible to 
observe any growth sponsored directly 
by the protein because of the turbidity. 


Discussion 

Figures 1 and 2 give a slight indica- 
tion that the nitrite form is most read- 
ily utilized, with the other two forms 
about equal in performance. Figures 


TABLE I.—Results of Run No. 3, Growth of 
Algae in Nutrient Solutions Containing 
Various Forms of Nitrogen 


| Average Percentage of Light Transmitted 


with Nitrogen as 
Date 

Protein NO: NOs: 

4— 7-53 95.4 96.9 96.5 96.4 
100.0! 100.0! 100.0' 100.0! 

1-— 9-53 81.9 95.7 93.9 95.3 
98.3! 98.8! 97.4! 98.9! 

1-11-53 86.4 95.4 93.4 93.5 
96.7! 98.5! 96.9! 97.1! 

4-13-53 | 82.7 95.6 93.8 93.3 
94.7! 98.7! 97.3} 96.9! 

4-15-53 88.5 94.5 90.5 93.0 
95.1! 97.6! 94.0! 96.6! 

1-18-53 88.8 93.3 90.6 90.6 
97.9! 96.4! 94.1! 94.2! 

4-21-53 | 90.8 90.7 94.2 93.6 
99.6! 93.8! 97.7! 97.2! 

4-25-53 90.3 95.4 94.2 93.7 
94.9! 98.5! 97.7! 97.3! 


1 Adjusted average. 
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3 to 7, inclusive, indicate that all three 
forms are about equally effective. Fig- 
ures 8 through 10 on indicate that the 
ammonia form is the most active in 
sponsoring growth. In Figures 8 
through 10, also, the nitrite form ap- 
pears to be less effective than the other 
forms. Figure 11 shows that ammonia 
and nitrite nitrogen are about equal 
in performance, with the nitrate form 
superior to both. Figure 12 shows 
nitrite to have a slight superiority over 
the other two forms of nitrogen. Fig- 
ures 13 and 14 show nitrate and am- 
monia nitrogen to be slightly superior 
to the nitrite form. All of the results 
show that low concentrations of nitrite 
nitrogen produce greater growth than 
the other two forms of nitrogen. It 
appears that up to about 15 p.p.m. 
nitrite nitrogen is as good a fertilizer 
as the ammoniacal and nitrate nitro- 
gens. 

Higher concentrations of nitrogen 
appear to accelerate the growth of 
algae as long as the concentrations do 
not become toxic to the plants. Curves 
depicting the growth with the higher 
concentrations rise more steeply than 
those for the lower concentrations. In 
actual stream conditions this would 
tend to concentrate the organisms 
rather than distributing them over a 
greater reach of the watercourse. 

Generally, the results from Run No. 
2 show more growth than the results 
from the first run. The smaller growth 
for the first run may be due to any 
or all of the following reasons: 


1. Characteristies of the algae. 

2. Cloudy conditions during the first 
test. 

3. A greater growth for the 0-p.p.m. 
condition because of the nitrates pres- 
ent in the tap water. 

4. A tendency for the high concen- 
tration of sodium ions to inhibit plant 
growth. 


Results of Run No. 3 appear to be 
about in line with those of Run No. 2. 
The results from Run No. 4 are for a 
more specialized type of algae, which 
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developed under the conditions of the 
study. 

The results based on the use of pro- 
tein by the phytoplankton (Table I) 
are inconclusive. No growth was ob- 
served for the protein-fed algae, al- 
though it may have been present. Tur- 
bidity, caused by the decomposing of 
the protein, made observations inaccu- 
rate. However, after the protein had 
partially or completely decomposed, 
algae were observed to be flourishing 
as well as in the other test jars. 

Apparent reversals in the growth 
curves are probably due to several 
factors, or a combination of factors. 
Probably the most significant factors 
are the idiosyncrasies of the Lumetron 
and failure to obtain representative 
samples. Downward inclinations at the 
end of the period of observation may 
be explained by the death and decompo- 
sition of the plant cells and by the 
decrease in the amount of chlorophyll 
present in the cells. 


Conclusions 


The authors have reached the follow- 
ing conclusions: 


1. There was no significant differ- 
ence in the use of inorganie forms of 
nitrogen by plankton typical to streams 
having moderate amounts of pollution 
containing fertilizer elements. There- 
fore, attempts to control the growth of 
algae in streams receiving sewage efflu- 
ents by regulation of the degree of oxi- 
dation are likely to be unsuccessful. 

2. Higher concentrations of nitrogen 
appear to accelerate the growth of 
algae as long as the concentrations are 
not toxic to the organisms. This means 
that organisms may be concentrated in 
a shorter length of stream where large 
amounts of nitrogen are present. For 
this reason, high concentrations of ni- 
trogen may be more damaging than 
low concentrations. 

3. The nitrite form of nitrogen, 
which appears less efficient a fertilizer 
in higher concentrations, may easily 
change into the ammoniacal or nitrate 
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form, and become more readily avail- 
able for plant use. 

4. Proteins decompose and become 
available for plant food if, indeed, 
they are not already available in their 
organie forms. This delay may ac- 
count for the lack of algal 
where the wastes are not highly nitri- 
fied. Further study should be made 
of this possibility. 


blooms 
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In their selection of problems for in- 
vestigation, research directors usually 
give some weight to the extent of the 
immediate need for knowledge and 
guidance in the field at large. Con- 
sideration of this factor is to be en- 
couraged, so that problems of first con- 
cern will receive first attention. Thus 
will the best use be made of resources 
and personnel available for research. 

The Federation is in an excellent 
position to serve as the liaison between 
the research institution and the prac- 
ticing technologist. This survey is a 
part of the program to promote and 
stimulate research in all areas of Fed- 
eration interest; similar surveys will 
be repeated from time to time in order 
to keep apace of the changing picture 
of stream sanitation. 

The data reported here were gath- 
ered early in 1954 by means of a ques- 
tionnaire requesting each recipient to 
list the problems in wastes disposal or 
water pollution control held in his opin- 
ion to be in greatest need of immedi- 
ate research and to outline the funda- 
mental information needed to solve 
these problems. Such questionnaires 
were sent to a carefully selected list 
of 145 technologists representing all 
principal professional segments of the 
field. Table I is a breakdown of the 
distribution of the questionnaire and 
of the response. 

The return of only 41 per cent of 
the questionnaires was somewhat dis- 
appointing, particularly because all of 
those selected for the mailing list were 
chosen for their demonstrated interest 
and activity in the field. Although 
space is not available here to list them 


all by name, the cooperation of those 
who did respond is gratefully acknowl- 
edged. 

Naturally, the character of the re- 
turns varied widely, ranging from very 
general statements to specific project 
descriptions. Several of the problems 
call for an answer in the form of the 
invention of a device to perform special 
services, and can hardly be considered 
as research suggestions. Of the studies 
recommended, most are in the realm of 
developmental research, although many 
of fundamental nature are included. 
In all, more than a hundred problems 
are proposed. 


Especially Pressing Problems 


In classifying the returns for pres- 
entation it soon became evident that 
some problems assumed special impor- 
tance by reason of their repeated men- 


tion among the respondents. Some 
problems received as many as 7 men- 
tions in the total of 60 returns. On the 
premise that these multiple-mention 
problems are the most pressing, they 
are listed herewith, generally in the 


TABLE I.-—Questionnaire Distribution 
and Returns 


Question- 
naires 
Distri- 
buted 


Question- 
naires 
Returned 

Consulting engineers 25 13 
Sewage works superintendents 27 10 
Industrial technologists 8 

Equipment company 
personnel 

Research and educational 
personnel 

Pollution control agency 
personnel 
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tion: 


1. Synthetic detergents—effects on 
sewage treatment processes and on 
sources of water supply; oxidizability 
of all types; causes, effects, and con- 
trol of froth formation; effects on 
grease content and removal; combined 
effects with shredded garbage from 
household grinders; comparison of ef- 
fects in hard-water and soft-water re- 
gions. 

2. Toxicity in biological treatment 
processes—with special reference to 
eyanides, chromium, copper, zine, 
nickel, iron, cadmium, oils; limits un- 
der shock dosages and under continu- 
ous dosages. 

3. Toxicity in natural waters—limits 
for various compounds and wastes sep- 
arately, as well as synergistic effects 
of mixtures as discharged to receiving 
waters. 

4. Biological treatment processes— 
mechanics of removal and synthesis of 
organic pollutants (use of radioactive 
tracers suggested); identification of 
microorganisms, development of opti- 
mum-yield cultures; modifications to 
permit applications to treatment of 
strong industrial wastes. 

5. Stream pollution criteria—devel- 
opment of specific yardsticks for meas- 
uring degree of pollution. 

6. Pathogenic organisms—develop- 
ment of improved technique for ac- 
curate enumeration in sewage and pol- 
luted waters; application of molecular 
filter to determination of EF. colt and 
enterococci. 

7. Hydrogen sulfide—mechanies of 
formation; development of effective 
and economical control methods. 

8. Pre-aeration—fundamental me- 
chanics of process; evaulation of ad- 
vantages, both as to effectiveness of 
treatment and from standpoint of eco- 
nomics. 

9. Aeration—fundamentals of oxy- 
gen transfer and diffusion; develop- 
ment of improved methods. 

10. Sludge  digestion—continued 
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study of mechanism of process as means 
for accelerated treatment. 

11. Sludge concentration—develop- 
ment of improved methods, perhaps by 
continuous centrifuge, air or gas flota- 
tion, or by elutriation; study of vis- 
cosity and thixotropy of very dense 
sludges as a means of developing im- 
proved methods of pumping and move- 
ment in channels and piping. 

12. Undigested sludge dewatering— 
feasibility of methods of disposal of 
raw sludge cake; development of im- 
proved dewatering methods. 

13. B.O.D. determination—continued 
efforts to develop an accurate rapid 
standard method applicable to all non- 
toxie organic wastes. 

14. Radioactivity in sewage and 
sludge—assembly of data on_ back- 
ground concentrations of radioactive 
substances in municipal sewage works; 
effects on biological processes; hazards 
to operation personnel. 


Other Problems Recommended 
for Study 


All other recommendations reported 
in the survey have been classified for 
presentation under major topical head- 
ings. 


Analytical Methods 


1. Toxicity—development of reason- 
ably quick and accurate techniques for 
measurement. 

2. Suspended solids—development of 
methods for qualitative determination ; 
improved methods for quantitative 
measurement. 

3. Hydrogen 
method needed. 

4. Taste and odor—development of 
basie and precise methods. 

5. Carbon—development of a rapid 
and practical quantitative method suffi- 
ciently accurate to permit use of C/N 
ratio as a control in composting of 
sludge. 

6. Dissolved oxygen—development of 
a recording meter to measure and re- 
cord continuously the dissolved oxygen 
content in a flow of water or waste. 


sulfide—improved 
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7. Physical characteristics—develop- 
ment of a camera, timer, and clock de- 
vice for providing a continuous record 
of turbidity, color, froth, floating sol- 
ids, ete., in a stream or effluent dis- 
charge. 

8. Invention of equipment or instru- 
ments capable of affording rapid and 
continuous quantitative measurements 
of dissolved oxygen, B.O.D., cyanides, 
metal ions, ete. 


Sewage Treatment—General 


1. Adsorption—mechanism of sur- 
face phenomena in biological processes ; 
contact catalysis. 

2. Biocatalysts—basic evaluation of 
enzyme products and bacterial cul- 
tures; full appraisal of advantages and 
limitations. 

3. Design criteria—comprehensive 
study of relationship between actual 
plant performance and conventional 
design capacities; economic study of 
process efficiency in plants as operated. 

4. Sewage characteristics—trends in 
changing composition which merit con- 
sideration in future planning. 

5. Nitrification—establishment of de- 
gree to which it is necessary and de- 
sirable to produce nitrates in biologi- 
cal treatment processes. 

6. Intermediate treatment—develop- 
ment of economical methods of accom- 
plishing 35 to 75 per cent removal of 
B.O.D. 

7. Antibioties and growth-promoting 
substances—study of occurrence in 
sewage and wastes, and of conditions 
favoring their formation and destruc- 
tion; effects on biological processes. 


Sewage Treatment—Sedimentation 

1. Improved methods of solids re- 
moval—study of applications for cen- 
trifuges, ultrasonics, tray clarifiers, wet 
cyclones, ete. 

2. Inlet and outlet criteria—develop- 
ment of sound principles for applica- 
tion to gravity separators. 

3. Grit removal—study of theory of 
grit removal from sewage with organic 
solids and ultimate separation from 
sludge by special methods. 
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4. Flocculation and air flotation— 
appraisal of effectiveness and econom- 
ics of supplementary means for im- 
proving removals by sedimentation. 


Sewage Treatment—Biological 


1. Activated sludge—study of the 
basic principles of the process with re- 
spect to loadings, oxygen utilization, 
nutritional factors, reaeration, ete. 

2. Trickling filters—study of the 
basic principles of the process with re- 
spect to loading limits, recirculation, 
media size and depth, efficiency, etc. 

3. Underloading—effects of subnor- 
mal loads on density of sludge pro- 
duced by activated sludge or biologi- 
eal filtration. 

4. Filter media—search for cheaper 
material suitable for use in trickling 
filters. 

5. Sewage lagoons—establishment of 
performance and design factors and of 
limitations in application. 


Sewage Treatment—Sludge 


1. Sludge pumping—influence of 
type of pump, velocities, and pressures 
on (a) thixotropy of sludge, (b) grease 
deposition in piping, (¢) coagulability 
and filterability. 

2. Solids balance—establishment of 
dry solids relationship between raw 
sludge input and digested sludge re- 
moved from digesters, as basis for de- 
sign. 

3. Radioactive iodine—effect on 
formation of C™ and on gas produe- 
tion. 

4. Phosphates—effects of increased 
concentrations (from detergents) on di- 
gestion. 

5. Elutriation—effect on tempera- 
ture of concentrated sludge and ulti- 
mate result in efficiency of filtration. 

6. Freezing of sludge—effects on de- 
watering characteristics. 

7. Digested sludge disposal to streams 
—pollutional effects as manifested by 
bacterial types and numbers, oxygen 
balanee, bottom deposits, toxicity, ete. 

8. Flash-dried sludge—development 
of methods to control dust, perhaps by 
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use of additives; development of pellet- 
izing process, 

9, Compositing—fundamentals of 
aerobic decomposition of sewage sludge 
alone or in combination with garbage. 

10. Survival of pathogens—study of 
possible health hazards from utilization 
of undigested sludge or sludge under- 
going short-period digestion. 

Sewage Treatment—Disinfection 

1. Mechanism of disinfection by chlo- 
rine and other agents. 

2. Pathogenic aftergrowths—is there 
an increase in numbers following chlo- 
rination ? 

3. Tear-gas formation—study of 
causes when sewage containing certain 
industrial wastes is chlorinated. 

4. Ultrasonic  disinfection—evalua- 
tion of feasibility. 


Industrial Wastes 


1. Pure organic substances—compil- 
ation of B.O.D. values for reference in 
the solution of disposal problems when 
constituents of wastes are known. 

2. Composition—compilation of data 
on chemical components of various 
types of industrial wastes. 

3. Taste and odor-producing wastes 
(that is, petrochemical, phenol, ete.)— 
specific determination of types and 
concentrations which may be respon- 
sible for water supply problems. 

4. Neutralization—evolution of prac- 
tical methods of neutralizing dilute 
acid wastes such as mine drainage and 
pickling liquor. 

5. Ion exchange—broadened appli- 
cation to treatment and recovery of 
plating wastes, soluble oils, coolants, 
ete. 


6. Spray irrigation—thorough ap- 
praisal of fundamental elements, ad- 


vantages, and limitations. 

7. Color removal—development of 
methods of removing objectionable 
color from lagoon effluents or from 
wastes of otherwise minor pollutional 
effect. 

8. Treatment with municipal sew- 
age—economic studies of treatment 
methods to establish types of wastes 
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best adapted to disposal to public sew- 
ers. 

9. Pretreatment requirements and 
methods, flow control, complexing 
practice to enable treatment with mu- 
nicipal sewage of (a) cannery wastes, 
(b) textile wastes, (c) water-softening 
sludge. 

10. Biochemical treatment—adapta- 
tion of conventional processes to treat 
strong non-toxic wastes such as petro- 
chemical, refinery, textile, cannery, ete. 

11. Plating wastes—evolution of im- 
proved methods of treatment and re- 
use. 

12. Brines—investigation of 
bilities for by-products recovery. 

13. Pulp and paper wastes—evolu- 
tion of practical methods of by-product 
recovery and treatment, and odor and 
color removal. 

14. Coal mine drainage—search for 
practical methods to inhibit and con- 
trol formation of acid waters. 

15. Ammonia wastes—from ecupra- 
ammonia rayon manufacture—determi- 
nation of toxie limits, methods of am- 
monia recovery. 

16. Textile wastes—exploration of 
process modifications to minimize waste 
disposal problem. 

17. Colloidal suspended matter—de- 
velopment of methods for precipitating 
very fine solids from waters discharged 
from coal cleaning operations. 

18. Solvay process (soda alkali pro- 
duetion wastes)—process changes or 
byproducts recovery methods. 

19. Blast furnace gas washer wastes 

—effects on receiving waters; methods 
of clarification. 

20. Laundries, restaurants—basic 
studies aimed at treatment of wastes 
produced in unsewered locations, which 
problems are complicated by very high 
coneentrations of synthetic detergents 
in wastes. 


possi- 


Water Pollution 


1. Stream velocity—employment of 
radioisotopes for determining time of 
flow. 

2. Bacterial loading—re-appraisal of 
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standard maximum density of coliforms 
in sources of public water supply. 

3. Water quality criteria—establish- 
ment of reliable criteria for various 
usages of receiving waters, especially 
dissolved oxygen levels necessary to 
maintenance of all forms of aquatie 
life. 

4. Turbidity and temperature—ef- 
fects in limiting the productiveness 
and usefulness of natural waters ; effect 
of turbidity on photosynthesis. 

5. Fish life—basic field studies of 
the relationship between water quality 
and the growth and reproduction of 
fish. 

6. Natural purification—basie study 
of the biological factors governing the 
assimilative capacities of receiving wa- 
ters for non-toxic organic matter; ex- 
ploration of causes for phenomenal 
ability of some streams to assimilate 
pollution. 

7. Tidal estuaries—derivation of laws 
defining rate of change of water due to 
tidal activity; evaluation of natural 
purification by reaeration, photosyn- 
thesis and other factors. 

8. Stream aeration—exploration of 
the feasibility of artificial aeration of 
polluted streams. 

9. Agricultural poisons—determina- 
tion of the pollutional effects of new 
insecticides as related to various water 
uses. 

10. Beneficial’? pollution—evalua- 
tion of possible constructive effects 
which might accrue from the discharge 
of organic wastes to streams, such as 
food supply for fish, inhibition of 
algae growths, bactericidal action, ete. 

11. Natural phenols—investigation 
of possible natural sources of phenol in 
streams, as from decaying leaves. 

12. Biological studies—perhaps em- 
ploying model streams—designed (a) 
to yield biological indices of pollution, 
(b) to evaluate the effects of pollution 
abatement practices on affected streams, 
and (c) to supply fundamental knowl- 
edge of the effects of pollution on ma- 
rine areas and estuaries. 


CURRENT PROBLEMS OF RESEARCH 


Miscellaneous 


1. Sewer hydraulics—-establishment 
of the true relationship between the 
values of n and R to correct the gen- 
eral assumption that m remains con- 
stant at all depths of flow in sewers. 

2. Diffusion of chemicals—determi- 

nation of flow distance required for 
complete diffusion of chemicals fed in 
pulsating dosages into pipes flowing 
under pressure. 
3. ‘‘Wrap-on’’ meter—for estimat- 
ing flow in pipes flowing full without 
requiring the ‘‘cutting-in’’ of any 
metering element or device. 


Conclusion 


A survey made and reported in 
1953 (see Tuts JouRNAL, 25, 9, 1077) 
yielded a list of 69 institutions that 
are equipped to engage in research 
into problems relating to water-borne 
wastes disposal. Many other institu- 
tions known to be conducting such re- 
search did not participate in the sur- 
vey. <A substantial number of the 
problems recommended here were re- 
ported by these laboratories to be al- 
ready under study, and it is hoped 
that all of them will eventually be 
viven attention. 

Plant operation personnel are also 
urged to review the problems that are 
listed, for some of the answers may be 
attainable through analysis of plant- 
scale data, or from special studies in 
operating plants. For example, pre- 
aeration facilities are provided in many 
modern plants, vet there are almost no 
data on the true advantages and limita- 
tions of the process. 

Surveys similar to this one are 
planned to be conducted periodically 
henceforth, probably every two years. 
In the meantime, however, all readers 
are urged to forward at any time their 
suggestions for needed research. Such 
ideas will be passed on to research ad- 
ministrators as their importance and 
urgency may dictate. 
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THE OPERATOR’S CORNER 


ConpuctTEep BY HerBert P. ORLAND 


A year or two ago the maintenance 
crew of the Menlo Park Sanitary Dis- 
trict was engaged in cleaning out a 
section of one of the 10-in. lines that 
had been in use for half a century or 
so—and probably during that time had 
never once been touched. Certainly it 
had never cleaned out, for in 
addition to removing almost a ton of 
rock and gravel the crew salvaged 
some two dozen knives and forks, sev- 
eral sets of false teeth, a pocket watch, 
$6.40 in small change, and two saloon 
The checks were un- 
usable, for the saloon itself had disap- 
peared with the advent of the 18th 
Amendment. The knives and forks 
went for scrap; the false teeth are 
being saved for emergency service ; the 
rock went to fill up a hole in the 
corporation yard, and the $6.40 went 
into somebody’s pocket. This experi- 
ence should clearly demonstrate the 
economic justification of 
sewer maintenance! 

Preventive maintenance is ‘‘a 
planned program of inspection, serv- 
icing, and repair of the sewer system.”’ 
Ifowever, the term means ‘‘the 
and works which are necessary to 
keep and maintain a system of sewers 


been 


checks. saloon 


preventive 


acts 


and sewer appurtenances in proper op- 
erating condition and protecting them, 
insofar as is possible, from the ravages 
of time and abuse.’’ It 


* Presented at 1954 Annual Meeting, Cali- 
fornia Sewage and Industrial Wastes Assn.; 
Sacramento, Calif.; May 5-8, 1954. 


consists of 


IS PREVENTIVE SEWER MAINTENANCE JUSTIFIED? * 


By Crepric WEBSTER 


Superintendent, Menlo Park Sanitary District, Menlo Park, Calif. 
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seeking out those points of potential 
weakness which are inherent in every 
system and eliminating them wherever 
possible. It consists of correcting 
troubles while they are small, rather 
than waiting until they become ecriti- 
cal. In a word, it consists of the appli- 
cation of common sense to sewer main- 
tenance. 

It is well known that an ounce of 
prevention is worth a pound of cure. 
No mechanie worthy of the name waits 
for the breakdown of his machine be- 
fore servicing it. A sewer 
playing as it does a far more vital role 
in man’s welfare than any machine, 
and costing a great deal more, is cer- 
tainly entitled to at least equal con- 
sideration, insofar as proper mainten- 
ance will assure proper operation of 
this second most vital publie utility. 

It is difficult, if not impossible, to 
appraise the value of a properly oper- 
ating sewer system in terms of eco- 
nomics, which concerns itself with the 
conditions and laws affecting the ma- 
terial means of satisfying man’s de- 
sires. The true value of a properly 
operating sewer system can only be 
assessed in terms of man’s health, com- 
fort, and welfare. 

One can attempt an economic analy- 
sis of this subject by comparing the 
dollar and cents cost of practising pre- 
ventive maintenance, as against main- 
taining the system in a hit-or-miss fash- 
ion. This presupposes the existence of 
voluminous and accurate records which, 
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at least in the case of the Menlo Park 
Sanitary District, are not available. 

Such figures as are available, how- 
ever, indicate that our maintenance la- 
bor costs on a per-mile basis were sub- 
stantially the same in 1953, when an 
attempt was being made to practice 
preventive maintenance, as they were 
in 1949, when little more than emer- 
gency service was being performed. 
Maintenance salaries in 1949 were ap- 
proximately $9,000, which amounts to 
approximately $11,250 when adjusted 
to 1953 pay scales. In 1949 the Dis- 
trict had some 180 mi. of main sewers 
and laterals to maintain. Maintenance 
salaries were approximately $15,000 in 
1953, when there were some 240 mi. 
of main sewers and laterals to main- 
tain. On this basis it cost a little more 
than $62 per mile in 1949 and the same 
in 1953. 

No claim is made as to the absolute 
accuracy of these figures, nor do they 
tell the whole story of what is being 
attempted. A far truer picture is con- 
veyed by the fact that in 1949 there 
was an average of between 15 and 20 
main line stoppages a month, whereas 
during the first four months of 1954 
there was an average of less than three. 

Another factor affecting the economic 
picture, and having a direct bearing 
on the value of preventive mainte- 
nance, is the losses caused by deteriora- 
tion of the system. The useful life of 
a machine or a sewer is pretty much a 
direct function of the type of mainte- 
nance it receives. The presence of hy- 
drogen sulfide, roots, and breaks in the 
pipe itself, all take their toll in short- 
ening the useful life of the system. 
Proper preventive sewer maintenance 
will aid in reducing the excessive costs 
created by infiltration of surface and 
ground water into the sanitary sys- 
tem. The presence of excessive infil- 
tration creates problems, not only in 
the collection system, but also at the 
treatment plant. Proper preventive 
maintenance also will aid in reducing 
the losses created by the flooding of 
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homes, offices, and industrial plants. 
Areas where damage claims have 
mounted know only too well how 
quickly and how drastically these 
claims are reflected in their insurance 
rates. 

Possibly it is not generally known 
that the San Francisco Appellate De- 
partment of the Superior Court of the 
State of California, in a ruling made 
on March 23, 1953, which, when 
stripped of its legal verbiage says: 
‘*Gentlemen, you had better start prac- 
ticing preventive sewer maintenance, or 
else!’? This opinion states that the 
sewer authority is under an obligation 
to display reasonable diligence in mak- 
ing inspections for discovery of un- 
safe and defective conditions. It goes 
on to state that the municipality can- 
not escape liability because it was un- 
aware of a potentially dangerous con- 
dition. It must at all times display 
vigilance in inspection, care, and main- 
tenance. 

The opinion states : 

“In the case before us, the city’s sewers 
were potentially dangerous and the city was 
under an obligation to make reasonable in- 
spections so as to correct any defective 
conditions. 

“Where the authorities who have planned 
and constructed an improvement have 
knowledge of circumstances which reason- 
ably might be expected to result in a danger- 
ous condition as a natural and probable 
consequence of the work, such authorities 
are put upon inquiry, and it follows that it 
is incumbent upon them to make inspections 
commensurate and suitable with the nature 
and character of their knowledge of the 
peril which should be avoided.” 


Whether preventive sewer main- 
tenance is or is not economically justi- 
fied is of minor moment. Even the 
fact that court opinion may well be 
considered as requiring its perform- 
ance is of secondary importance. The 
primary reason for practicing preven- 
tive maintenance is that it is the only 
means of assuring the proper opera- 
tion of a municipality’s second most 
vital public utility. 
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BIOCATALYTIC ADDITIVES IN WASTE TREATMENT * 


By J. E. McKrr, Chairman, 


3EN Benas, W. L. R. 


R. KENNEDY 


AND E. Prarson 


Special Committee on Enzymes and Biocatalysts, California Sewage and 


Industrial Wastes Association 


During the past two or three years, 
operators, chemists, and engineers in 
the field of waste treatment have been 
hearing about several new biocatalytic 
products. The firms marketing and 
distributing these products have been 
active in their promotion and enthusi- 
astic in their claims of the effectiveness 
of the new additive substances in al- 
leviating many of the troubles that 
beset industrial and municipal waste 
treatment works. These claims have 
led many members of the California 
Sewage and Industrial Wastes Associ- 
ation to seek from research institutions, 
leading consulting engineers, and well- 
known technical journals some reliable 
information regarding the efficacy of 
biocatalytie additives. Because such 
information is still somewhat meager, 
a Special Committee on Enzymes and 
Biocatalysts was appointed in January 
1954 to investigate the use of these sub- 
stances locally and to report to the 
membership of the Association at the 
1954 Annual Meeting. 


Scope, Limitations, and Procedures 

This investigation was limited by the 
short time available for independent 
laboratory research by the committee 
members. In leu thereof, it was de- 
cided to poll the membership of the 
Association and to assemble from these 
numerous sources all possible informa- 
tion describing operating experiences, 
laboratory experiments, and field ob- 
servations. In addition, advertising 
literature was scrutinized and the few 
articles in technical publications were 
reviewed. 


* Presented at 1954 Annual Meeting, Cali- 
fornia Sewage and Industrial Wastes Assn.; 
Sacramento, Calif.; May 5-8, 1954. 


The questionnaire sent to many mem- 
bers of the California Sewage and In- 
dustrial Wastes Association included 
the following interrogations: 


1. Have you used or experimented 
with any enzymatic or biocatalytic sub- 
stance at your plant? 

2. What is the name of the substance 
used and the organization through 
which it was supplied? 

4. How did you happen to hear about 
it and why did you decide to use it? 

4. How much did it cost? 

5. What unfavorable conditions at 
your plant, if any, led you to use this 
product ? 

6. What results did you experience 
from the use of this product ? 

7. Have you performed any labora- 
tory or pilot-plant experiments with 
this substance, and if so, what results 
were obtained ? 

8. Do you plan to continue using the 
substance ? 

9. Do you have any other comments 
or suggestions for the committee re- 
port? 


It is a tribute to the membership of 
the Association to note that operators 
and superintendents from 61 plants 
returned questionnaires. Of these, 43 
replies indicated that biocatalytic ad- 
ditives had not been used or investi- 
vated. The remaining 18 members who 
had had some experience with these 
products kindly contributed most of 
the information on which this report 
is based. The Committee acknowledges 
with thanks the cooperation of all mem- 
bers who replied to the questionnaire. 


Characteristics of Additives 


A biocatalyst is a substance that ac- 
tivates or stimulates a biochemical re- 
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action. Foremost among biocatalysts 
are the enzymes that are produced by 
bacteria to break down complex sub- 
stances into forms that are available 
for energy and the synthesis of proto- 
plasm. The biocatalytic additives that 
are being proposed for waste treatment 
are reported to contain concentrated 
mixed enzymes, preserved microorgan- 
isms, and /or some trace minerals. 

The information submitted to this 
Committee indicated that five biocata- 
lytie additives had been tried in Cali- 
fornia. These products are designated 
throughout this report by letters in 
order to avoid favorable or unfavorable 
comparisons by advertised trade names. 

Substance A was employed or in- 
vestigated at five plants. Selling at a 
price of $4.00 to $4.75 per pound, it 
has been reported to comprise numer- 
ous enzymes obtained from selected or- 
gans of certain fish and possibly from 
other sources. The laboratory staff at 
the Hyperion sewage treatment plant 
analyzed this substance and also their 
digester supernatant for gastric pro- 
tease, pancreatic protease, tripeptic 
protease, urease, amylase, lipase, pep- 
tase, and invertase. The digester super- 
natant contained all of these enzymes 
in concentrations equal to or greater 
than those of substance A, with the 
exception of amylase, which was 
greater in A. There was no urease in 
A, but the supernatant contained large 
amounts of this enzyme. 

Substance B, used or investigated by 
10 plants in this survey at costs re- 
ported to range from $3.00 to $4.95 per 
pound, is advertised to include more 
than 70 enzymes contained in powdered 
dessicated organs of numerous animals 
and fish, bacterial cultures, fungi, 
molds, and tissues of several plants. 

Substance C, a liquid product selling 
at about $0.90 per gallon, was used in 
six plants for which information has 
been submitted. Reported to consist 
primarily of enzymes of vegetable 
origin, it was compounded and used 
originally as a soil-conditioning agent 
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and it has been proposed for applica- 
tion to accelerate decomposition of 
compost heaps and waste agricultural 
products. 

The other two substances, D and E, 
were liquids. Each was reported by 
one operator only and it is believed 
that their use and distribution are not 
widespread. No information was avail- 
able as to their source or content. 

A sixth substance, F, widely used 
in other parts of the country but not 
listed in the questionnaires returned 
from California and Nevada plants, is 
reported to comprise dry preserved liv- 
ing microorganisms from natural 
sources, with enzyme systems and trace 
minerals to improve and accelerate bio- 
logical processes. The sources of these 
substances are not revealed, but it is 
believed that the origins are somewhat 
similar to those of Substance B. 
Priced at $3.10 to $3.25 per pound, it 
is available in five or more different 
formulations for specific purposes. 


Attributes Claimed By Distributors 


A survey of the advertising literature 
and the questionnaires revealed that 
the following attributes have been 
claimed for certain products in specific 
situations. It is asserted or otherwise 
claimed : 


1. In collecting sewers and pumping 
plants, that biocatalysts will reduce 
odors and hydrogen sulfide concentra- 
tions; and that one substance will ‘‘re- 
move dead organic solids from sewer 
lines.”’ 

2. In primary settling tanks, that 
one substance ‘‘liquifies a large portion 
of the colloidal solids’’ and the carrier 
used ‘‘serves as a flocculating agent, 
giving greater clarification’’; that an- 
other substance ‘‘improves flocculation 
through the effect of its colloidal elec- 
trolytes’’ and improves oxidation ‘*by 
increasing aerobic bacteria activity in 
the sedimentation’’; that one substance 
“positively liquidizes sewage by en- 
zyme action’’; and that another has the 
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and ‘‘to produce rapid settling.’ 

3. In trickling filters, that one ma- 
terial increases the operating efficiency, 
that another promotes healthy algal 
growth and minimizes ponding, and 
that a third reduces the suspended sol- 
ids and B.O.D. in the effluent from a 
trickling filter plant. 

4. In the activated sludge process, 
that one substance favors the ‘‘rapid 
production of floe to accelerate settling 
rate’’ and reduces the suspended solids 
and B.O.D. in the effluent. 

5. In lagoons or oxidation ponds, 
that an additive eliminated sludge 
blankets on lagoons, gave increased per- 
colation rate, improved the dissolved 
oxygen, and produced only a paper- 
thin sludge in dried-up lagoons. 

6. In digestion tanks, that one sub- 
stance ‘‘improves disintegration by ac- 
celerating the breakdown of solids in 
digesters. It is capable of increasing 
gas production as much as 300 per 
cent’’; that it reduces scum formation 
and stabilizes the pH in digesters and 
Imhoff tanks, giving rapid and even 
sludge digestion; that it increases gas 
production by 18 to 35 per cent, in 
fact, ‘‘there will always be an increase 
in gas production’’; that it reduces the 
volume of digested sludge and its vola- 
tile content with reduced solids in the 
supernatant ; and that another additive 
improves the pH and increases gas pro- 
duction in digesters, with less solids, 
odor, and B.O.D. in the supernatant. 

7. In sludge drying, that one addi- 
tive reduces sludge drying time by 50 
per cent, reduces sludge odors, and 
favors free-flowing sludge and easier 
sludge pumping ; and that another sub- 
stance improves the action of sludge 
lagoons. 

8. In a miscellaneous category, that 
one material contains many enzymes 
‘*that do not occur in normal sewage 
treatment’’ and that it ‘‘is capable of 
digesting sterile sewage, doing so in 
less time than is accomplished in prop- 
erly designed sewage digestion plants”’ ; 
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that operation of a new plant with an- 
other is a definite advantage and ‘‘you 
won't experience ‘starting trouble’ be- 
cause the ‘seeding’ of your plant will 
take place with the most efficient organ- 
isms for each process’’; and finally, in 
a modest note, that one additive ‘‘is 
not a eure-all.”’ 


In contrast with the claims of the 
distributing agencies, it is interesting 
to note the unfavorable local conditions 
that led operators to use these products. 
Difficulties with digestion tanks far 
outnumbered all other complaints, 
ranging from slow digestion to heavy 
scum blankets with low pH, foaming, 
poor gas production, and /or low-qual- 
ity sludge. Several operators reported 
erease clogging of sludge lines; at two 
plants the biocatalysts were tried in 
order to alleviate odors and hydrogen 
sulfide in the influent sewers. An at- 
tempt was made to make dried sludge 
easier to grind at one plant; at another 
the additive was used merely to see if 
it would increase percolation from stor- 
age lagoons. None of the operators 
used these substances to improve sedi- 
mentation, aeration, or the quality of 
the effluent. 


Effects of Additives 


The results of the questionnaires and 
a survey of the literature revealed the 
following data and other information: 


1. Collecting 
Plants 


Sewers and Pumping 


Substance C was tested in part of 
the sewer system of the City of San 
Diego to determine if it would assist 
in any way in lowering or controlling 
the generation of hydrogen sulfide. 
Dosage was maintained at a rate of 
20 p.p.m. for five days and then in- 
creased to 40 p.p.m. A careful record 
of the total sulfides in the sewage arriv- 
ing at a control point was kept during 
this test and at no time was any ap- 
preciable reduction in sulfides observed. 

At the Orange County Joint Outfall 
Sewer laboratory, one of the Committee 
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members evaluated substance D, which 
had been proposed for sulfide control 
in a trunk sewer serving a cannery. 
At the recommended dosages of 50 and 
100 p.p.m., the sulfide development pro- 
ceeded as rapidly as in the untreated 
control. 

Another operator used a total of 190 
gal. of substance C over a period of 
15 days to try to control hydrogen sul- 
fide in a force main, with no success. 
Ile is now using copperas, which has 
been successful in reducing dissolved 
sulfides from 6 p.p.m. to 0.5 p.p.m. At 
another plant, substance B was used in 
an attempt to clear sewer lines with 
‘absolutely no favorable results at 
all.’”’ 

According to McKinney (1),  bio- 
catalysts are not indicated for the col- 
lection system if they increase the rate 
of biological action. The only way to 
reduce anaerobie action during collee- 
tion is to keep biological action at a 
minimum, and this can be accomplished 
best by the addition of bactericidal 
agents early in the collection system. 


2. Oxidation Ponds 


At Modesto, Ray (2) claims to have 
used substance C successfully as a 
means of odor control. He also found 
that it apparently improved the opera- 
tion of oxidation ponds used for can- 
ning wastes, by eliminating sludge 
blanket formation on the ponds, im- 
proving dissolved oxygen and algal 
growths in the ponds, and increasing 
the rate of percolation from the ponds. 
Another operator who was familiar 
with this situation reports that the 
apparent improvements at the time sub- 
stance C was used may have been due 
to natural causes and not to the ad- 
ditive. In the absence of detailed con- 
trolled data it is difficult for the Com- 
mittee to evaluate either of these 
contentions, 

At Fresno, substance C was used to 
see if it would increase the percolation 
from the storage lagoons. Water disap- 
peared about 50 per cent faster from 
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the lagoon that had been treated than 
from the untreated lagoon. The opera- 
tor reported, however, that it was much 
cheaper to searify the lagoons every 
three years than to purchase this ad- 
ditive. Scarifying increased the per- 
colation by 400 to 500 per cent. 
3. Trickling Filters 

At San Leandro, the superintendent 
reported that an artificially induced 
growth had caused 75 per cent of the 
filter area to be ponded. Three or four 
days after adding 1 lb. of substance 
B to sewage spread over the filters, 
he observed that ponding had cleared 
up entirely and that normal growths 
had appeared. Without an undosed 
filter for comparison, it is not known 
whether the improvement was due to 
the added substance or to other factors. 


4. Activated Sludge 


McKinney and Poliakoff (3) studied 
the effects of two different biocatalytic 
substances on the establishment of new 
activated sludge. It was found that the 
additives did not increase the rate at 
which biochemical equilibrium was 
reached over that of a sewage-seeded 
control, and they did not increase the 
rate of B.O.D. removal once equilibrium 
was reached. Attention is invited also 
to item 8 (‘‘Aerobie Stabilization’’) 
hereinafter. 


5. Sludge Digestion 


Numerous tests have been performed 
by engineers and operators in Cali- 
fornia to determine if biocatalytic ad- 
ditives had any effect upon gas pro- 
duction, pH, alkalinity, and /or volatile 


acids in sludge digestion. With one 
exception, all of the experiments were 
neutral, indicating that the additive 
was neither beneficial nor harmful to 
sludge digestion. In the exception, the 
operator had been having difficulty 
with gas production and pH, so that 
he needed supplementary fuel, and he 
had been adding lime quite heavily. 
Stopping the lime, he applied 104 Ib. 
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FIGURE 1.—Effect of biocatalytic substances B and C on volatile acids and alkalinity 
in digestion of seeded sludge (from Sewage Treatment Division, Dept. of Public Works, 


San Diego, Calif.). 


of substance B in one batch, followed 
by 3 lb. per week for 13 weeks. Within 
“1 days after the batch treatment, gas 
production had improved enough to 
supply the boiler. The operator dis- 
continued the additive after 13 weeks 
and apparently has not needed it since. 
Whether the improvement in gas pro- 
duction was due to the additive or to 
the cessation of lime dosing is not defi- 
nite. 

In contrast, two operators ran pilot- 
plant digesters with sludge plus bio- 
catalytic additives, and a control sam- 
ple without these substances. One used 
A and C, the other B, and in all cases 
the production of gas was the same in 
dosed samples and controls. Another 
operator used 150 lb. of substance A in 
the digestion tank without improve- 
ment in gas production. Later he used 
230 gal. of substance C and achieved 
a very slight increase in gas production, 
but it was short-lived. Persistent in 
his search for a palliative, he then 
tried 1,300 gal. of substance E and, 


although this application was followed 
by a scum break-up of major propor 
tions, there was still no increase in gas 
production, 

At San Diego, digestion tests were 
performed with samples containing 
two-thirds raw sludge and one-third 
digested sludge. To one sample, 200 
p.p.m. of B were added and to another 
200 p.p.m. of C. A third sample was 
used as a control. As shown in Figure 
1, there was no significant difference in 
volatile acids or alkalinity in the three 
samples during the 25-day test. 

A member of this Committee experi- 
mented with concentrations of approxi- 
mately 1,500 and 3,000 p.p.m. of sub- 
stance A in 2-l. samples of actively di- 
gesting sludge with the following initial 
characteristics : 


.. 6.9 
Total solids. . 2.57% 
Volatile solids. . . 1.438% 
Ash. 1.14% 
Volatile acidity .. 1,570 p.p.m. 
Alkalinity . 3,700 p.p.m. 


Control : 
200 ppmof _ 
3 
2 
3000 
— 
~ 
\ 
\ 
1000 
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From Figure 2 it is noted that the pH 
values in both of the dosed samples and 
the control increased steadily, reaching 
a rather high level in 8 days. This 
increase is typical of digesting sludges 
at this plant. The increase in volatile 
acidity for the dosed samples (Figure 
3) appears to indicate that the added 
material had contributed supplemental 
organic matter which the normal sludge 
organisms proceeded to digest. After 
three days the volatile acid contents 
were not significantly different, indi- 
cating that the additive had no effect 
on the course of digestion other than 
the contribution of more organie ma- 
terial to digest. 

This member also conducted tests 
with substance B at a dosage of ap- 
proximately 30 p.p.m. in very sour non- 
digesting sludge. Observations during 
41 days of digestion indicated that 
there was no significant difference in 
pH or volatile acids between the dosed 
and undosed samples. 

The effect of 20 p.p.m. of substance 
B was also tested by another Commit- 
tee member under conditions of thermo- 
philic digestion (126° F.) of unseeded 
East Bay Municipal Utility District 
sludge. The analyses conducted at the 
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start of the experiment and again after 
22 days on dosed and undosed samples 
(Table I) reveal that there was rela- 
tively little change in the character of 
the sludge in either digester; however, 
the greater change occurred in the un- 
treated sludge. 

Similar thermophilic digestion ex- 
periments were performed with a mix- 
ture of digested sludge and a high-pro- 
tein industrial waste that had become 
‘*stuck’’ as a result of excessive acid 
production. During a 28-day period no 
significant digestion occurred either in 
the digester containing 20 p.p.m. of 
substance B or in the control. 

The effect of substance B on raw 
sludge, with an ether-soluble content 
of more than 35 per cent of the total 
solids, was evaluated by the Chief Sani- 
tary Chemist of E.B.M.U.D. The bio- 
catalytic activity was followed by 
noting the increase in the acid concen- 
tration, which is a measure of the de- 
composition of rawsludge. The results 
(Figure 4) indicate that neither sub- 
stance B alone nor B with hydrocarbon- 
cellulase |sic], both in varying con- 
centrations, produced a greater activity 
than did raw sludge alone during a 
68-hr. test. At the end of the test, 


Control 


of substance 4 


grams of substance A 


4 5 


Days of Incubation at 95°F 


FIGURE 2.—Effect of biocatalytic substance A on the pH of actively digesting sludge 
(from laboratory of Orange County Joint Outfall Sewer). 
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Volatile Acidity in ppm 


Days of Incubation at 95°F 


FIGURE 3.—Effect of biocatalytic substance A on the volatile acids in actively digesting 
sludge (from laboratory of Orange County Joint Outfall Sewer). 


the volatile solids content of each sam- 
ple was determined, with the results 
shown in Table IT. 

In view of the fact that there was 
only one determination of the volatile 
content of the raw sludge, the slight 
changes in the percentage of volatile 
matter in the final samples are not sta- 
tistically significant. 

Another series of tests, run with 
sludge collected directly from the bot- 
tom of a settling tank, revealed no 
effect whatsoever by substance B, with 
or without added hydrocarboncellulase. 

Ileukelekian (4) experimenting sepa- 
rately with five specific enzymes and a 
mixture of all five, found that they 


TABLE I. 


did not increase the gas yield, affect 
the pH, or change the reduction of 
volatile solids in properly seeded 
sludge. He also determined that two 
of the biocatalytic additives referred 
to in this report had no significant ef- 
fect on the B.O.D. of supernatant liq- 
uor of digesting samples of fresh sterile 
solids or fresh non-sterile solids. Ac- 
cording to Bryan (5) on the other 
hand, the application of 10 lb. of sub- 
stance F to an overloaded digester, fol- 
lowed by daily feedings of 2 to 5 Ib., 
eaused the pli to rise and the sus- 
pended solids and B.O.D. in the super- 
natant to decrease. 


Effect of Biocatalytic Additive (B) on Domestic Sewage Sludge during 


Thermophilic Digestion (East Bay Municipal Utility District) 


Sludge 


Raw (control) 

After 22 days batch dig.: 
Control 
Sludge plus 20 p.p.m. B 


Vol. 
Acids 
(p.p.m.) 


Alka- 
linity 
(p.p.m.) 


| pH 


3,200 2,220 5.6 


2500 
J of & 

grams of 

Tot. Vol. Vol. 
Sol Sol. Sol. Red. 
(%) (%) (%) 
6.85 | 5.00 1,450 | 1,800 | 

: 5.55 3.97 | 2,850 | 2,650 5.6 20.6 
650 | 10 | “2.0 
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wr 


4o 


Time of Incubation, in hours. 


FIGURE 4.—Effect of biocatalytic substance B on the initial stages of digestion of raw 
sludge (50 grams) (from East Bay Municipal Utilities District). 


6. Scum Blankets and Grease Clogging 


Four operators have experimented 
with substance B to dissolve grease in 
sludge lines or to break up scum blan- 
kets, two with some apparent success 
and two with none. One of the unsue- 
cessful operators also dosed two jars 
containing grease taken from a clogged 
sludge line with the recommended 
quantity and with a double dose. Dur- 
ing a month at about 70° F. no reduc- 
tion in grease was noticed. In the 
other unsuccessful attempt, substance 
B was pumped directly into a pipeline 
that had been clogging, first in a large 
batch and later in daily applications. 
There was no apparent effect upon the 
frequency at which the sludge line 
plugged and also no apparent change 
in consistency of the plugging sludge. 
This substance did not free a plugged 
sludge line nor prevent the plugging 
of a line. 

At another plant, this substance was 
put into a 4-in. pipe almost completely 
plugged with grease and enough water 
was added to fill the pipe. After 24 hr. 
most of the grease was emulsified. The 
third operator found that since the 


batch addition of 1 lb. of substance B 
to a 6-in. sludge line, no clogging has 
occurred, although this line had form- 
erly clogged frequently. 

At Redwood City a heavy scum blan- 
ket formed in the digester while the 
sludge mixers were being repaired. 
Initially, 50 lb. of substance B were 
added, and 8 lb. per week for six weeks, 


TABLE II.—Results of Addition of Biocatalyst B 
to Raw Sludge at East Bay Munici- 
pal Utility District Sewage 
Treatment Plant 


Weight of 


Weight of 
B 


Sludge 
(g.) 


Total 
Solids 
@ | &) 


Percentage 
Volatile 


50 0 

50 0.05 
50 0.10 
50 0.25 
50 0.50 
50 1.00 
50 0.05! 
50 0.10" 
50 0.25! 
50 0.50! 
50 1.00' 


10.8 
10.3 
10.2 
10.7 
11.1 
11.6 
10.5 
10.5 
10.4 
11.0 
12.1 


76.2 
74.7 
74.5 
75.7 
66.9 
74.8 
74.8 
74.3 
74.5 
74.1 
73.9 


Including hydrocarboncellulase added to 
substance B. 
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5.0 
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Total 
: Solids 
(%) 
8.23 
7.70 
8.10 
7.43 
7.85 
7.75 
3 8.15 
8.95 
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then 8 Ib. per month. After six months 
the scum blanket was well dissolved. 
At the time the additive was used, how- 
ever, the mixers were also repaired and 
put back in service, so it is not known 
which event is responsible for dissolu- 
tion of the sludge blanket. 

The application of 25 lb. of substance 
B to a 300-cu. yd. accumulation of 
srease, scum, and tomato skins on the 
bottom and sides of a digester at San 
Leandro appeared to loosen the mass in 
five days and allow it to be broken up 
with a fire hose after previous efforts 
with the hose had been ineffective. 

At Oceanside, the application of 
1,300 gal. of substance E to the diges 
tion tank was followed by scum break- 
up of major proportions. 


7. Sludge Drying and Disintegration 


Sludge from the digester at 
Leandro, previously described, after the 
application of substance B, was drawn 


San 
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to open drying beds. The sludge 
showed cracking tendencies in 2 days 
and was ready for removal in 14 days, 
in contrast with a normal period of 30 
days. Bryan (5) reports that the qual- 
ity of the sludge was not affected by 
the addition of substance F to the di- 
gesters, but that the volume of sludge 
after digestion was reduced by more 
than 50 per cent. At another plant. 
substanee C was added to sludge being 
dried to see if the additive would make 
the sludge easier to grind. There was 
no apparent improvement in the dosed 
portions over the normal sludge. 


8. Aerobic Stabilization 


One of the committee members un- 
dertook a laboratory study to deter- 
mine the effect of additive B on the 
rate of aerobic oxidation of a mixture 
of domestic sewage and high-protein 
industrial waste. The rate of oxida- 
tion was observed by the use of War- 
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FIGURE 5.—Oxygen uptake studies on sewage plus industrial waste with and with- 
out substance B (Warburg respirometers, at 20° C.) (from Sanitary Engineering Research 
Staff, University of California). 
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burg respirometers. Figure 5 presents 
typical results of a series of oxygen 
uptake curves, reporting the waste 
alone as a control, a 1 per cent solution 
of B in ‘‘Standard Methods’’ (6) di- 
lution water, and a mixture of the 
waste and 1 per cent of B. The use 
of substance B did not increase the 
rate of oxygen uptake or stabilization 
of the waste; in fact, it served only 
to increase the total oxygen demand of 
the mixture. 


Reactions of Operators 


It is interesting to note the responses 
to the question: ‘‘Do you plan to con- 
tinue using the substance?’’ Twelve 
operators replied with an unqualified 
**No’’; one stated: ‘‘No, unless a duly 
recognized competent authority can 
show that there is a definite benefit’’; 
and one wrote, ‘‘Not at present—too 
costly and not enough conclusive re- 
sults obtained to date.’’ Only one op- 
erator gave an affirmative reply, but 
one other wishes to continue experi- 
mentation if his budget will allow a 
plant-seale test. 


Conclusions 


It is difficult for the Committee to 
draw many firm conclusions from the 
information gathered by this survey. 
The following tentative observations 
are advanced until further reliable ex- 
perimental results are available to con- 
firm or disprove them: 


1. The new biocatalytic additives ap- 
parently contain numerous enzymes of 
the types which are capable of assisting 
or promoting biochemical decomposi- 
tion, provided that they are not al- 
ready present in the process. 

2. These same enzymes are normally 
present in waste treatment processes 
in concentrations far greater than the 
recommended dosages of additives 
would provide, inasmuch as the en- 
zymes are produced by the bacteria 
indigenous to the processes. Hence, 
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the addition of biocatalytic substances 
in properly designed and operated 
plants will produce no benefits. 

3. Additional enzymes are not indi- 
cated for collecting sewers or pumping 
stations as a means of reducing odors 
or H.S formation. This purpose can 
be accomplished best by adequate aera- 
tion or by bactericidal agents. 

4. The majority of reliable evidence 
indicates that biocatalytic additives 
will not increase gas production, im- 
prove pH, or alter the alkalinity and 
volatile acids in the digesters, nor will 
they change the quality of the super- 
natant liquor. 

5. It is possible that the enzymes 
in these substances may exert beneficial 
action on scum blankets or clogged 
grease, especially if the normal en- 
zymes in the waste treatment processes 
do not have access to the scum or 
grease. Further research in this re- 
spect is needed. 

6. There is also a possibility that bio- 
catalytic additives may improve the 
performance of percolation and oxida- 
tion ponds, especially during the 
initial operation of ponds used for 
seasonal organic industrial wastes; 
however this possibility should be in- 
vestigated by reliable controlled ex- 
periments. 

7. Many of the claims advertised by 
the promoters of these substances ap- 
pear to be grossly overstated and mis- 
leading. Some of the claims, as quoted 
hereinbefore, border on the ridiculous 
and display an ignorance of the funda- 
mental processes of waste treatment. 


Recommendations 


1. To the officers and Board of Di- 
rectors of the California Sewage and 
Industrial Wastes Association, that the 
Association continue to survey the use 
of biocatalytic additives and to act as 
a clearing house for operating results 
and other information unless and until 
additional reliable research data be- 
come available. 
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2. To the members of the California 
Association : 


(a) That they continue the excellent 
cooperation by contributing operating 
data and experiences to committees of 
the Association. 

(b) That they take a cautious po- 
sition toward the these sub- 
stances, pending further proof of their 
efficacy. 

(c¢) That no biocatalytic additive be 
purchased until after it has performed 
as claimed, in accordance with a writ- 
ten guarantee. 


use of 


3. To the promotors of biocatalytic 
additives : 


(a) That advertising literature be 
rewritten clearly and correctly so as 
not to misrepresent the merits of the 
product or to insult the intelligence of 
superintendents and operators. 
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(b) That the distributors deal di- 
rectly with engineers, superintendents, 
or operators rather, than attempt to 
influence mayors, city managers, coun- 
cilmen, or members of boards of pub- 
lic works, as has been reported to this 
committee. 

(c) That an effort be made to ob- 
tain fundamental information and re- 
liable data from controlled experi- 
ments to determine the effects of these 
substances on various unit processes in 
waste treatment. Such experiments 
should be conducted by recognized au- 
thorities in sewage works laboratories, 
universities, or research institutes, or 
by well-known consulting sanitary 
chemists or engineers. All work should 
be performed under a contract that 
allows the experimenter to publish or 
publicize his results regardless of the 
outcome. 
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PIPE CONDITION BY 


INSPECTION OF SEWERS * 
By A. McCouutum 


Sewer Maintenance District Foreman, City of Los Angeles, Calif. 


Determining the interior condition 
of sewer pipe in place by inspection 
or the use of tools is something most 
cities and counties generally have been 
remiss in until recently. That is true, 
also, of the City of Los Angeles, but 


* Presented at 1954 Annual Meeting, Cali- 
fornia Sewage and Industrial Wastes Assn.; 
Sacramento, Calif.; May 5-8, 1954. 


during the past few years that city 
has been rapidly overcoming this de- 
ficiency, thanks to progressive top man- 
agement and development of more 
modern and efficient equipment. 

The first question which might arise 
in the minds of many is: ‘‘ Why in- 
spect pipe for deterioration?’’ Why 


not follow the easy pattern pursued in 
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= 
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the past and wait until the street 
caves in, then start the usual con- 
fused planning as to how it can be 
repaired temporarily until the same 
thing happens at another location? 
Such tactics as these have no place in 
a well-planned, well-run maintenance 
organization such as is needed today. 

The reasons for good inspection are 
many; some of them could be listed 
as follows: 


As public employees the first duty 
of sewer maintenance personnel is to 
do everything possible to protect the 
health of their real bosses, the tax- 
payers. If, through pure negligence, 
lines are permitted to reach such a 
condition that sewage is exfiltrated or 
that lines collapse and streets become 
contaminated, they are aiding the 
spread of disease and causing undue 
nuisance. When such conditions exist 
the individual responsible is not doing 
a job that justifies the publie’s trust. 

Sewer lines must be kept in operat- 


ing condition at all times to protect 


the municipality from law suits. The 
time has passed when responsibility 
for damage done to private property 
due to collapsed or broken lines can 
be simply shrugged off. In the past 
few years there have been several court 
rulings that a municipality is respon- 
sible for damage caused by stoppages, 
broken lines, ete. 

In a trial recently held in the City 
of Los Angeles, a property owner 
sued the city for damages caused by 
a rock entering the line and causing 
stoppage. During the course of testi- 
mony the judge asked a_ witness 
for the City of Los Angeles if he had 
any idea how the rock got into the 
sewer. The witness replied that chil- 
dren remove manhole covers and throw 
debris into the sewer; and also dur- 
ing rains citizens sometimes raise the 
cover to drain off excess water. The 
city lost its ease. In the judge’s ruling 
he said the city was negligent, due to 
the fact that it was known that such 
things happened and the lines should 


INSPECTION OF SEWERS 


1173 


be inspected to prevent stoppages. 
There is a possibility that if a street 
caves in and private property is dam- 
aged the city might be held negligent, 
because it is known that pipelines de- 
teriorate and provision should be made 
for new ones to be constructed to re- 
place those in dangerous condition. 

In order for the Design Division to 
have plans drawn up well in advance 
for replacement of lines, they must be 
informed as to the deterioration of any 
line. If this is not done they cannot 
be expected to draw plans, arrange for 
money, let the contract, and execute 
many other details on short notice. 
Unless maintenance can work in close 
harmony with design it is the public 
that will suffer. The matter of econ- 
omy also plays a large part in mainte- 
nance. 

Before any actual inspection can ef- 
fectively be made, trained personnel 
should be on hand in sufficient number 
the insure the safety of all concerned. 
All municipalities should have men 
trained in sewer maintenance work. 
Regardless of the size, a small, well- 
trained crew will be much more effi- 
cient than a large one that devotes 
only a small part of its time to pre- 
ventive maintenance. If a larger crew 
is needed oceasionally, there will be a 
sufficiently trained group to carry on 
the work to a suecessful conclusion. 
Men joining an inspection crew for 
the first time should be thoroughly 
briefed as to the dangers of the work 
and what part they are expected to 
play. This ean be done either by a 
short in-service training course or by 
instruction from the foreman. Mem- 
bers of an inspection crew must fune- 
tion as a team if maximum results are 
to be obtained. Inspection methods 
probably vary greatly in different 
places, but as long as results are ac- 
complished and a high level of safety 
is maintained the procedure is not 
too important. 

In the City of Los Angeles most 
inspections are made early in the 
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morning, when flow is at a minimum. 
Equipment is assembled at the end of 
the previous day and includes such 
items as blowers, lights, safety belts. 
boots, ete. For ventilation in small 
lines portable blowers of 1,600-c.f.m. 
capacity are used; in the larger lines, 
portable blowers of 7,500-c.f.m. ca- 
pacity, two of which are available if 
needed. These blowers are of the suc- 
tion type. 

After the blowers are properly in- 
stalled and a man is stationed at each 
one so he may sound alarm in ease of 
mechanical failure, the crew is ready 
for actual inspection. When the in- 
spector has put on his safety belt 
and entered the manhole he is ready 
to begin. While he is descending it is 
a good idea to probe the brickwork 
and mortar in the manhole. For this 
probing, the author uses a prospector’s 
pick, but any sharp instrument can 
be used. If the manhole is soft, it is 
a good indication that the pipe also 
may be deteriorating. 

After the bottom of the manhole is 
reached the inspector is ready for light 
to start his inspection. If the sun is 
shining the use of mirrors is one of 
the best ways to get light up the line. 
In pipes up to 12 in. in diameter 
accurate sighting is possible for a 
distance of 75 ft. In this distance one 
may see if the alignment is good and 
if there are any obstructions in the 
line. Here, again, the prospector’s 
pick is used as far in as possible to 
determine if the walls are soft. Also, 
with Barnhill rods a seraper can be 
used on the sides of the pipe to de- 
termine the degree of softness. If the 
pipe is not in good alignment that 
condition should be noted and a pic- 
ture taken, if possible. 

In larger lines accurate sighting is 
estimated to be practical up to 100 ft. 
by the use of mirrors or a powerful 
spotlight. If inspection is made each 
way from the manhole a good idea of 
the condition of the pipe can be ob- 
tained. After the first person has 
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completed his inspection another 
should be made by a qualified person. 
This should be done before any notes 
are compared. After these individual 
inspections have been completed, notes 
should be compared and a single con- 
clusion arrived at. Should the two 
inspectors fail to reach an agreement, 
a third inspection may be necessary. 
flowever, this is unusual. 

It is possible to walk through many 
of the larger lines at low flow. In 
these cases very detailed inspections 
can be made. 

The age of the pipe has little bear- 
ing as to when deterioration will start. 
In Los Angeles there have been lines 
that had to be replaced after 10 years 
of service. On the other hand, recent 
inspection of a concrete line installed 
in the 1880’s showed it to be in almost 
perfect condition; the alignment was 
good and the pipe was still very hard. 

Small lines that are constructed on 
a curve present a major problem when 
it comes to inspection. It is possible 
to see 20 or 25 ft. in most lines, and 
if these are inspected thoroughly a 
vood idea can be obtained as to the 
degree of softness. <A ball or cork- 
screw hook could be used to determine 
if the pipe has collapsed. 

Records should be kept or inspee- 
tions will be useless. Written reports 
with attached photos should be on file. 
Inspections should be made at regu- 
lar intervals and compared with pre- 
vious reports. In this manner, it would 
be possible to determine the rate of 
deterioration and foreeast well in ad- 
vance when replacement is needed. 

The need for aceurate, intelligent 
inspection of pipe is great and must 
be given a permanent place in the 
preventive maintenance program if it 
is to be a success. Sewer maintenance 
as a precautionary measure is just be- 
ginning to come into its proper place. 
The aim must be to keep the sewer 
lines in such good condition that all 
sewage entering them may flow without 
loss to plants where it may be treated. 
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INTERESTING EXTRACTS FROM OPERATION 
REPORTS 


Attention operators! 


Journal. 
Please direct annual reports to: 
tions, Room 325, Illinois Bldg., 


It will be appreciated if copies of all annual reports of both large 
and small plants are sent to the Federation office for abstracting in this section of the 
Carbon copies of typewritten reports will be promptly returned on request. 

Federation of Sewage and Industrial Wastes Associa- 
Champaign, Il. 


1953 Annual Report of Greece, N. Y., Sewage Treatment Plant * 


By Francis J, CRAMER, 


As in 1952, most of 1953 was oeecu- 
pied with plant research directed to- 
ward increasing the efficiency of the 
plant. By the beginning of 1953 it 
had been discovered that variation of 
the air rate had little effect on plant 
results, but that by cutting out one 
final tank an improvement of about 
10 per cent was realized. Addition 
of air to the influent and the first 
aeration tanks, coupled with series 


* For last previous extract see THis JouR- 
NAL, 24, 1, 101 (Jan., 1952). 


TABLE I. 
Item Average 

Estimated population served. . . 18,900 
Population equivalent... ... 14,130 
Sewage flow (m.g.d.)....... 1.11 
Sewage flow (g.p.e.d.)........ 60.7 
Grit (eu. ft./m.g.) 5.67 
Sludge (cu. ft./m.g.)......... ; 446 
Scum (cu. ft./m.g.).. . 3.5 
Settleable solids: 

Influent (mal. 6.4 

Suspended solids (p.p.m.): 

Raw sewage... 219 

Final effluent... ... 51 

Reduction (%)............... 75.8 
B.O.D., 5-day (p.p.m.): 

Reduction (95). 81.3 


Primary sludge: 
6.4 


Superintendent 


rather that paralled operation of the 
final settling tanks, makes it possible 
to handle adequately the 1.5-m.g.d. 
flow experienced during mid-day in 
a plant designed for 1.0-m.g.d. flow. 
The plant has been overloaded 
throughout the year, particularly on 
Mondays and Saturdays (wash days). 
During March and April the plant was 
continually being upset, due to infil- 
tration. Experimentation during the 
year involved different rates of return, 
methods of wasting activated sludge, 


Summary of 1953 Operating Data, Greece, N. Y., Sewage Treatment Plant 


Item Average 

Activated sludge: 

Susp. sol., mixed liquor (p.p.m.) 744 

Return sludge ratio (%)..... 29.8 

Aeration period (hr.)......... 7.0 

Susp. sol., return sludge (p.p.m.) 9,790 

Sludge index, Mohlman. . . 72 
Chlorine: 

Used (Ib./m.g.).... 34 

Residual (p.p.m.)...... 0.49 
Vac. filter and inein. oper.: 

Lime (%).. 11.9 
Ferric ¢ shloride (%). 7.3 
Time (hr./mo.).............. 342 
Wet cake (Ib./mo.). 283,500 


Cake solids (%).. 27.4 
Equiv. dry solids: 


Lb. per mo........ 79,150 
2,365 
Lb. per sq. ft. pe r hr. 2.55 
Cost of operation ($): 
Per 162.50 


3.48 
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FIGURE 1.—Single schematic diagram showing plant processes, equipment, and aver- 
age or total operating data for entire year is more easily understood by lay official than is 
usual written report. 
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methods of drawing sludge, methods of 
sludge collector operation, chlorination 
of raw sewage, and chlorination of re- 
turn activated sludge. 

Routing of the sewage through the 
aeration tanks was varied and air was 
introduced with diffusers to the raw 
sewage and the primary effluent. 

Not all guesses were good ones, but 
the over-all B.O.D. removal was raised 
to 81.3 per cent from its 1952 value 
of 78.3 per cent and the suspended 


Labor Distribution 


The labor distribution schedule dis- 
closed that of the total of 19,975 man- 
hours of work performed in operating 
the treatment plant in 1951-52, plant 
operation required 37 per cent and 
plant repairs and maintenance re- 
quired 11 per cent. Miscellaneous, 
plant laboratory, experimental labora- 
tory, and janitor service each required 
from 6 to 8 per cent of the total time. 
The remainder was devoted to 29 dif- 
ferent breakdown items. 


Sewage Flow 


An average of 12.12 m.g.d. of sew- 
age was treated during 1951-2. This 
amounts to one-third more than was 
treated the previous year. In addition, 
a total of 1,251 m.g. was by-passed to 
the river through the storm-water 
pumping station. This was also one- 
third more than the corresponding flow 
for the previous year. Some of the 
inerease is accountable by reason of 
a 15 per cent increase in precipitation 
above the previous year, the remainder 
being attributable to infiltration due 
to high ground-water levels caused by 
high lake levels. 


* For last previous extract see THIS JOUR- 
NAL, 24, 10, 1317 (Oct., 1952). 


SXTRACTS FROM OPERATION REPORTS 


Annual Report of the Green Bay (Wis.) Metropolitan Sewerage District for 
the Years Ended March 31, 1952 and March 31, 1953 * 


By Grorge W. Martin, Chief Engineer and Superintendent 
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solids reduction was raised from 73.8 
per cent (1952) to 75.8 per cent. 

Besides the usual mimeographed an- 
nual report, an annual report was pre- 
pared in diagrammatic form (Figure 
1). This type of report is much more 
concise, and yet more informative to 
and better understood by a lay official 
or taxpayer. 

For the more technically trained, 
Table IT summarizes the operating data 
for 1953. 


In 1952-53 sewage flow decreased 
again to 11.37 m.g.d. and by-passed 
storm water amounted to only 1,013.7 
m.g., due to lower precipitation and 
lower lake levels. 


Oxidator Experiments 

In 1953 the Oxidator experiment, 
set up two years previously, was termi- 
nated and it was concluded that the 
results obtained while operating un- 
der what were considered standard 
conditions for the District were not 
sufficiently promising to warrant in- 
stallation of additional units. 


Digestion 

Digestion capacity is 
times, especially during 
season, it is impossible to obtain a 
clear supernatant liquor. This condi. 
tion should be overcome as soon as the 
new 85-ft. diameter secondary digester 
now under construction is placed in 
service. 

Gas production in 1952-3 was up to 
about 1.5 cu. ft. per capita per day. 
This is above expectations and prob- 
ably is due to the load received from 
a packing plant and from recently in- 
stalled household garbage grinders. 


low and at 
the canning 


ad 
d 
9 
oe 
a5 
4 
: 


Rainfall (in.) 
Tributary population, est. 
Sewage flow (m.g.d.)... 


Screenings (cu. ft./day) 
Grit (cu. ft./day) 


Dry solids (lb./day).. 
Vol. dry sol., total (tons) 
Vol. dry sol. (Ib./day) 


Sludge gas (cu. ft. per day): 
Produced 
Consumed. . . 
H2S (gr./100 cu. ft.): 
Max... 
Min... 


Digested sludge withdrawn: 


Moisture (%): 
Max... 
Min..... 
Vol. matter (%): 
Max.. 
Min. 
5-day B.O.D. (p.p.m.): 
Influent. 
Final effluent 
Reduction (%)... 
Suspended solids (p.p.m.): 
Influent.. . 
Final effluent 
Reduction (%). 
Chlorine: 
Total used (lb.)t 
Max. dosage (p.p.m.) 


Electrical energy (kw.-hr.): 
Produced by plant, total. 
Consumed, total. . . 


Operating costs ($): 
Total... 
Per m.g.. . 


* Metering error. 


Secondary Plant. 


Item 


Storm water by-passed, tot. (m.g.). 


Raw sludge, total dry sol. (tons) 


Wet sludge, total (cu. yd.).. 


+t Four months. 


Chlorination was not up to require- 
ments due to high flows and low chlo- 
rine feed capacity. This condition will 
be corrected when the proposed sec- 
ondary treatment plant is built. Con- 
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ning 


expected to be detailed 
construction in 1954. 

Table Il summarizes operating data 
for 1951-2 and 1952-3. 


TABLE II.—Summary of 1951-2 and 1952-3 Operating Data, Green Bay (Wis.) 
Metropolitan Sewerage District 


83,309* 
95,183* 
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10,554 


1,063,964 
1,360,976 


siderable work has been done on plan- 
for this 


September, 1954 


expansion, 


1952-3 
23.84 
65,000 
11.37 
1,014 
10 
22 
2,949.1 
16,159 
2,024.8 
11,095 


96,081* 
102,262* 


56 
18 


16,827 


97.0 
82.8 


67.4 


35.9 


219 
158 
27.9 


ae. 


251 
124 
50.6 


59,975 
9.7 


1,090,394 
1,310,582 


75,372 
18.16 


which is 


and under 


Average 
1951-2 

32.84 
65,000 
12.12 
1,251 
13 

28 
2,906.4 
15,882 
1,871.5 
= 10,227 
57.1 || 

37.9 
169 
126 
105 

11.3 
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SOME FACTORS INVOLVED IN LOCATING SEWERS 


By Cepric WEBSTER 


Superintendent, Menlo Park Sanitary District, Menlo Park, Calif. 


Editor’s Note—Mr. Webster’s com- 
ments were engendered by a request in the 
April 1954 issue of THIs JoURNAL (page 
571) for information regarding the rela- 
tive merits of installing sanitary sewers 
in the streets rather than on the rear 
property lines when there are no alleys 
available. 


Much has been heard, but little writ- 
ten, on the question of where to place 
sewers with respect to the property 
served. And despite the seemingly 
thorough diseussion of the matter, the 
same question keeps arising from time 
to time. Perhaps, therefore, some com- 
ments on the experience of the Menlo 
ark (Calif.) Sanitary District in this 
respect may be of interest to others. 

The District Board, it should be ex- 
plained, has adopted a hard and fast 
rule prohibiting the locating of sewers 
on easements. The only exceptions per- 
mitted are in those cases where topo- 
eraphic conditions make it impossible to 
do otherwise. There are some sound 
reasons behind this rule. 

Experience has shown that sewers 
running through back vards—or along 
rear property lines not on alleys—re- 
quire far more maintenance than those 
located in the publie street. This is 
principally due to the sewer in the 
street being subject to less root trouble, 
and also that the street sewer man- 
holes are visible at all times. Finding 
a manhole on the public street is al- 


Ways an easy matter, but finding one 
located in someone's back yard can be 
a woefully discouraging — business. 
There has been at least one instance 
where only the threat of a court in- 
junction was sufficient to stop an irate 
homeowner from ordering the main- 
tenance crew from her premises. 

Not to be overlooked are the physi- 
cal difficulties of dragging in equip- 
ment through gates and over fences. 
Also not to be ignored is the difficulty 
of using the equipment when sur- 
rounded by fences, trees, shrubs, ete. 

Another factor to be considered is 
the sometimes quite voluble, if not 
violent, aversion manifested by some 
homeowners and their dogs when the 
maintenace crew starts trampling 
through flower beds. Many people 
simply do not understand the rights 
conveyed in a public utility easement. 

The fact that the cost to a subdivider 
may be greater when he is required to 
put his sewers in the streets than it 
would be to put them in the rear of 
lots is to be regretted. It should, how- 
ever, have no bearing whatever on the 
decision of the sewer authority, whose 
responsibility is solely to the publie as 
a whole and not to any individual. As 
the old proverb says: ‘‘It’s not the 
first cost that counts, it’s the upkeep!”’ 
-~-and the upkeep of the sewer system 
is what keeps up the tax rate. 


TIPS AND QUIPS 


Michigan Fish Killings 
Of seven fish killings reported to the 
Michigan Water Resources Commission 
during the second quarter of 1954, four 
were caused by industrial waste, none 


by municipal sewage. Cyanide ae- 
counted for mortality in Rouge River, 
Lake Drain, and Brent Run, Genesee 
County. Potato processing wastes 
caused deaths in Big Swamp Drain and 
Jones Lake, Genesee County. 
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dewater Reed City’s new sewage treat- 
ment plant site killed fish in the Hersey 
River. These were found to 
contain phenol, attributed to ponding 
of wastes from a wood creosoting plant 
which formerly occupied the site. 


waters 


Sewer Rod Guide Jack 

A fast-acting jack to hold securely a 
cable-type sewer rod guide in place in 
a manhole is easily made from a stand- 
ard automobile bumper jack. Aecord- 
ing to C. Webster, Superintendent of 
the Menlo Park (Calif.) Sanitary Dis- 
trict, the shop-made jack has several 
advantages over the turnbuckle type 
supplied by the rod equipment manu- 
facturer. 


Figure 1 shows how the base of the 
jack is bent to fit the rod guide, as 
well as how the jack is used to hold the 
If desired, the jack 
base may be lined with rubber to pre- 
vent slippage between that piece and 
the rod guide. 


guide in place. 


Manhole ring 


Rod guide 


Bare of jack bent 
to fit over rod guide. 


FIGURE 1. 
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Disposal of ground water pumped to 


September, 1954 


Surefooted Sole Tread 


The latest in safety footwear for use 
in wet or oily locations is a surefooted 
neoprene rubber sole tread of patented 
design providing excellent traction 
through its squeegee gripping action. 
Originally developed for Navy use on 
wet and oily decks, the sole is now being 
applied to a variety of industrial boots, 
shoes and overshoes by several foot- 
wear manufacturers. Known as the 
‘*Tri-Vae’’ sole, the design consists of 
multiple concentric circles molded in 
the rubber to give a non-skid suction 
grip. 


Easily-Made Sewer Plug 


Extremely useful and inexpensive 
sewer plugs for sewers of 10-in. or 
larger diameter can be shop-made from 
material usually on hand and standard 
pneumatic tire inner tubes of appropri- 
ate sizes. Figure 2 shows the details 
of such a plug as used by the Menlo 
Park (Calif.) Sanitary District. The 
tube should be partially inflated to de- 
termine the size of the spacer holding 


the plywood dises apart. The proper 
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diameters of the plywood dises for 
various sizes of pipe are as follows: 
Sewer Diam. 

(in.) 

10 

12 

15 

18 

21 

24 

After the plug has been inserted in 

the pipe, the tube is inflated with a 
standard automobile or bicycle hand 
pump. A further refinement is pos- 
sible by extending the valve stem with 
a rubber hose to the street surface so 
the plug can be inflated and deflated 
from that level. 


Safety Note 


Around machinery, metal safeguards 
are good, mental safeguards are better, 
but both in combination are best! 


Skin Protection 


A new barrier hand cream for in- 
dustrial use against contact dermatitis 
and sensitizing agents encountered on 
the job has been placed on the market. 
Known as ‘* Kerodex,’’ the protectant 
is claimed to have a ‘‘ push-off’’ feature 
to save clean-up time and eliminate the 


TIPS AND QUIPS 
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need for harsh abrasives, solvents, or 
strong soaps in wash-up. According 
to the manufacturers, Ayerst Labora- 
tories, Inc., 22 East 40th St., New York 
City, the cream is particularly effective 
against contraction of poison ivy. 


Spontaneous Reaction 


Something was known to be amiss 
when the low-pressure sediment 
strainer on the gas line of No. 2 di- 
at Cincinnati’s Little Miami 
plant recently was reported ‘‘hot’’ to 
the touch. According to Superintend- 
ent D. P. Backmeyer, in the plant’s 
monthly news bulletin, the adjoining 
piping showed no evidence of heat 
above room temperature. 

When the strainer was opened it was 
found that a light coating of iron sul- 
fide inside it had ignited. Appar- 
ently some air had been admitted 
to the digester floating cover dome when 
a new diaphragm was installed on the 
pressure relief valve just a few min- 
utes before the hot strainer was no- 
ticed. 

Moral: Be extremely careful of spon- 
taneous ignition in such places as gas 
lines and gas equipment where iron 
sulfide deposits may come in contact 
with oxygen, especially when opened 
to the air. 


gester 
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MAKE YOUR HOTEL RESERVATIONS 
FOR THE CINCINNATI MEETING 


Requests for room reservations for the Federation’s 27th Annual 
Meeting, to be held at Cincinnati, Ohio, October 11-14, should be ad- 
dressed directly to the Netherland Plaza Hotel, Cincinnati, Ohio (see 


WRITE NOW FOR YOUR RESERVATIONS! 
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Federation Affairs 


TWENTY-SEVENTH ANNUAL MEETING PREVIEW 


Netherland Plaza Hotel, Cincinnati, Ohio, October 11-14, 1954 
* 
IN ConJUNCTION WITH 
Tue Onto SEWAGE AND INDUSTRIAL Wastes TREATMENT CONFERENCE 
* 


THE OFFICIAL PROGRAM 
SUNDAY, OCTOBER tu 


Afternoon 
Early Registration—lourth Floor Foyer 
Inspection of Exhibits—North and South Exhibit Halls 


MONDAY, OCTOBER 11 


Morning 


Registration—Fourth Floor Foyer 
Inspection of Exhibits—North and South Exhibit Halls 
Twenty-Seventh Annual Meeting Called to Order—Hall of Mirrors 
President L. J. Fontenelli 
Invocation—Dr. Melvin R. Campbell 
Welcome to Cincinnati 
T. J. Montgomery, City Engineer, Cincinnati, Ohio 
Reports of Federation Officers 
Pollution Control in the Ohio Valley 
Hudson Biery, Ohio Commissioner, Ohio River Valley Water Sanita- 
tion Commission, Cincinnati, Ohio 
Solution of Cincinnati’s Sewage Problems 
Arthur D. Caster, Sewage Disposal Engineer, City of Cincinnati, Ohio 


Afternoon 


Moving Picture—Clean Waters (1954 Edition) 
Introduced by H. R. Walrath, Manager, Contractor and Construction 
Industries Sales, General Electrie Co., Schenectady, N. Y. 
Evaluating the Variables in Vacuum Filtration 
Arnold J. Beek, E. N. Sakellariou, and M. Krup, The Sanitary District 
of Chicago, Il. 
Discussion: Robert D. Bargman, Assistant Chief Engineer, Sewage 
Treatment Plant, Los Angeles, Calif. 
Activated Sludge Thickening by Centrifuging 
R. E. Bragstad, City Engineer, and Leland Bradney, City Chemist, 
Sioux Falls, 8. Dak. 
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Discussion: L. S. Kraus, Chemist, Greater Peoria Sanitary District, 
Peoria, Il. 
Oxygen Absorption Efficiency Studies 
A. A. Kalinske, Director of Development, Infileo, Ine., Tueson, Ariz. 
Discussion: Henry R. King, Senior Civil Engineer, The Sanitary Dis- 
trict of Chicago, Il. 
Loading to Failure of a Pilot High-Rate Digester 
Wilbur N. Torpey, Senior Civil Engineer, Dept. of Public Works, New 
York, N. Y. 
Discussion: Harry EK. Schlenz, President, Pacifie Flush Tank Co., 
Chicago, Hl. 


Evening 


FAMILY NIGHT ENTERTAINMENT. l’avillon Caprice 


TUESDAY, OCTOBER 12 
Morning 


Moving Picture—Diffusion of Effluents Discharged to Puget Sound 

Introduced by R. G. Tyler, Professor of Sanitary Engineering, Uni- 
versity of Washington, Seattle, Wash. 

Treatment of Sewage Plant Effluent for Industrial Re-Use 

R. J. Keating and V. J. Calise, Graver Water Conditioning Co., New 
York, N. Y. 

Electric Power Reliability Requirements in Sewage Works 

E. O. Potthoff and N. L. Hadley, Water and Sewage Application Engi- 
neers, General Electric Co., Schenectady, N. Y. 

Effects of Thermal Loadings on Stream Sanitation Criteria 

Joseph R. Clark, E. I. du Pont de Nemours & Co., Wilmington, Del. ; 
and Sheppard T. Powell and E. L. Knoedler, Consulting Engi- 
neer, Baltimore, Md. 

Discussion: Lloyd R. Setter, Assistant Chief, Physics and Chemistry 
Section, Robert A. Taft Sanitary Engineering Center, USPHS, 
Cincinnati, Ohio 

Increased Income for Inventors 

Anthony J. Fischer, Assistant Manager, Development Department, 

The Dorr Co., Stamford, Conn. 


Noon 


FEDERATION LUNCHEON—Pavillon Caprice 
The General Economic Outlook 
Dexter M. Keezer, Director of Economics Staff, Business Week, 
and Vice-President, McGraw-Hill Publishing Co., New York, 


Afternoon 


Moving Picture—Sewer Maintenance Practice in Mexico City 


Infiltration Specifications and Tests 
Charles R. Velzy, Consulting Engineer, New York, N. Y.; and J. M. 
Sprague, Clay Products Association, New York, N. Y. 
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Discussion: ©. Gordon Gaither, Howard K. Bell, Consulting Engi- 
neers, Lexington, Ky. 
Safety in Sewage and Waste Treatment—Demonstration 
L. W. Van Kleeck, State Department of Health, Hartford, Conn., 
with cooperation of Mine Safety Appliances Co. 


WEDNESDAY, OCTOBER 13 
Morning 


Anaerobic Contact Process Applied to Packinghouse Wastes 
George J. Schroepfer, Professor of Sanitary Engineering, University 
of Minnesota; W. J. Fullen, Chemist, George A. Hlormel & Com- 
pany, Austin, Minn.; A. S. Johnson and N. R. Ziemke, Instructors 
in Civil Engineering, University of Minnesota; and J. J. Ander- 
son, Project Engineer, American Meat Institute, Minneapolis, 
Minn. 
Biological Properties and Behaviors of Cyanogenic Wastes 
Charles E. Renn, Professor of Sanitary Engineering, The Johns Hop- 
kins University, Baltimore, Md. 
Discussion: ©. M. Tarzwell, Chief, Biology Section, Robert A. Taft 
Sanitary Engineering Center, USPHS, Cincinnati, Ohio 
Waste Pickle Liquor Disposal by Controlled Oxidation and Continuous 
Lime Treatment 
L. W. Heise and Milton Johnson, A. O. Smith Corp., Milwaukee, Wis. 
Discussion: Richard D. Hoak, Senior Fellow, Mellon Institute of In- 
dustrial Research, Pittsburgh, Pa. 


Application of Biological Treatment Processes to Industrial Wastes 
R. F. Weston, Sanitary Engineer, Atlantic Refining Co., Philadelphia, 
Pa.; and W. W. Eckenfelder, Jr., Weston, Eekenfelder and Hood, 
Ine., Ridgewood, N. J. 
Discussion: B. W. Dickerson, Engineering Department, Hereules 
Powder Co., Wilmington, Del. 


Afternoon 


Inspection Trip 
Little Miami Sewage Treatment Plant and the Robert A. Taft Sanitary 
Engineering Center 


Evening 


ANNUAL FEDERATION DINNER—Ilall of Mirrors 
DANCE—Pavillon Caprice 


THURSDAY, OCTOBER 14 
Morning—Concurrent Sessions 


THE OPERATORS’ FORUM 
C. C. Larson, Leader 
Salary Schedules and Classifications 
T. C. Sehaetzle, Engineer in Charge, Sewage Treatment 
Works, Akron, Ohio 
Biocatalysts in Sewage Treatment 
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INDUSTRIAL WASTES FORUM 
Kenneth S. Watson, Leader 
Industrial Waste Specifications in Municipal Ordinances 
Disposal to Public Sewers vs. Separate Treatment 


Afternoon 


Process Wastes from Petrochemicals Manufacture 
O. C. Thompson, Sanitary Engineer, Veterans Administration, Arling- 
ton, Va.; and George F. Jenkins, Engineering Department, Car- 
bide and Carbon Chemicals Co., South Charleston, W. Va. 
Discussion: E. B. Showell, Consulting Engineer, Chadds Ford, Pa. 
Ion Exchange Units for Treatment of Electroplating Wastes 
T. J. Fadgen, Chief Chemist and Metallurgist, Ternstedt Division, 
General Motors Corp., Trenton, N. J. 
Treatment and Recovery of Soluble Oils 
Clark W. Hathaway, Metallurgical Department, Chevrolet-Detroit 
Forge, Detroit, Mich. 
Discussion: T. R. Haseltine, The Chester Engineers, Pittsburgh, Pa. 
Dephenolizing of Wastes by Continuous Countercurrent Solvent Extraction 
H. R. Kaiser, Vice-President, Podbielniak Corp., Chicago, Ill. 


TECHNICAL PROGRAM COMMENTS 


The Program Committee, under the chairmanship of F. W. Gilcreas, has 
again developed a technical program with appeal to the many diverse interests of 
Federation activity. Each member and guest attending will find interest in 
some part of the meeting program. 

To provide more technical papers, particularly in the industrial wastes 
field, as well as provide a complete afternoon for an inspection trip to two of 
the Cincinnati area’s most interesting sanitation facilities, the Operators’ Forum 
and Industrial Wastes Forum will be held concurrently on Thursday morning, 
as they were until 1952. To further enlarge the program, an entire extra session 
of industrial wastes papers has been added on Thursday afternoon. 

All technical sessions will be held in the Hall of Mirrors, Netherland Plaza 
Hotel. One of the concurrent forum sessions, however, will be held in the nearby 
Pavillon Caprice. 


SOCIAL FUNCTIONS 


An informal Family Night Entertainment on Monday evening will pro- 
vide a strictly home-talent show in South Seas theme and setting, offered by 
members of the staff of the Division of Sanitary Engineering, Illinois Depart- 
ment of Public Health. Here is a good opportunity to get acquainted, relax, 
and have fun among friends. 

The Annual Federation Luncheon, to be held Tuesday noon in the Pavillon 
Caprice, as usual will be a highlight event of the meeting. The featured 
speaker, Dexter M. Keezer, is Director of Economics Staff, Business Week, and 
Vice-President of the McGraw-Hill Publishing Company. He will speak on the 
general economic outlook, with particular reference to the public works aspects. 

No meal or entertainment events are scheduled for Tuesday evening, which 
is thus left open for dining or entertainment according to individual choice. 
Local Host Committee arrangements are being made to provide this type of 
information for all who seek it. 
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The focal point of the meeting will be the perennially popular Awards 
Dinner on Wednesday evening. To be held in the beautiful Hall of Mirrors, this 
event will feature the presentation of the annual Federation awards and honors. 
Dress will be optional, with dancing following in the Pavillon Caprice. 

The Business Luncheon of the Ohio Conference on Sewage and Industrial 
Wastes Treatment is scheduled for 12:00 Noon on Wednesday, October 13, in the 
Pavillon Caprice, Netherland Plaza Hotel. Guests will be welcome; tickets are 
priced at $3.00. 

A dinner meeting of the Loyal Order of the Boar also is scheduled at the 
Netherland Plaza Hotel at 6:00 P.M. on Tuesday, October 12. Arrangements 
are in charge of W. A. Hardenbergh, J. J. Gilbert, and Alden E. Stilson; tickets 
are priced at $5.00. 


LADIES’ ENTERTAINMENT 


Special entertainment for the ladies will be centered around the local sight- 
seeing attractions of this famous old Ohio River rail and water transportation 
center. 

These events will be in addition to those scheduled for Monday and Wednes- 
day evenings, as outlined under ‘‘Social Functions.’’ 

On Monday afternoon the Ohio Conference will be host for a Get-Acquainted 
Tea and Fashion Show. <An added attraction will be a demonstration of luggage 
packing by a service representative of a world-wide airline. 

Tuesday afternoon will be occupied by a bus trip to the Procter and Gamble 
plant at Ivorydale to see how soaps and Crisco are made and packaged. Sev- 
eral points of interest will be seen on the return trip. 

Stops at the famous Rookwood Pottery and the Eden Park Conservatory 
of Flowers will feature a bus trip on Wednesday morning. Also included will 
be a drive on the scenic Columbia Parkway along the river. 


INSPECTION TRIP 


The inspection trip on Wednesday afternoon will feature visits to both the 
new Robert A. Taft Sanitary Engineering Center of the USPHS and to Cinein- 
nati’s new Little Miami sewage treatment plant. Located near each other about 
six miles from the center of the city, these two installations should be of con- 
siderable interest to all those engaged in the Federation’s various fields of 
activity. 

The Sanitary Engineering Center comprises a new $4,000,000 building 
housing the sanitary engineering research facilities of the USPHS. This ae- 
tivity, covering many of the related fields of sewage treatment, industrial wastes 
control and treatment, analytical methods, and stream pollution testing and 
rectification, replaces the former Environmental Health Center. 

The 29-m.g.d. Little Miami plant, in operation only a short time, is the first 
of four plants planned to serve the Cincinnati metropolitan area. This feature 
of the city’s $47,000,000 sewage treatment construction program is of particular 
interest because it is at present the largest treatment plant on the main stem 
of the Ohio River. <A second plant, to handle 120 m.g.d., is currently under 
construction. 


MANUFACTURERS’ EXHIBIT 


New and improved equipment and supplies in the wastes treatment field will 
feature the displays arranged by the 35 members of the Water and Sewage 
Works Manufacturers’ Association who will exhibit at the meeting. All avail- 
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able exhibit space had been allocated by July 14. In addition to being able to 
see the latest in equipment and supplies, first-hand technical data on the various 
company products and services will be available through the medium of well- 
informed company representatives. 


The following companies have scheduled representation in the exhibit: 


ACF Industries, Ine. Inertol Company, Inc. 
Airkem, Ine. Infileo Ine. 
American City Magazine Jeffrey Manufacturing Company 
American Well Works Johns-Manville Sales Corp. 
Armco Drainage & Metal Products, Komline-Sanderson Engineering Corp. 
Ine. Lakeside Engineering Corp. 
I-F Industries, Ine. Link-Belt Company 
alph B. Carter Company Lock Joint Pipe Company 
Chain Belt Company Mine Safety Appliances Company 
Chicago Pump Company Pacific Flush Tank Company 
Combustion Engineering, Inc. Price Brothers Company 
Dorr Company, Ine. Public Works Magazine 
Engineering News-Record Simplex Valve & Meter Company 
Fairbanks, Morse & Company Walker Process Equipment, Ine. 
Fischer & Porter Company Wallace & Tiernan, Ine. 
Flexible Sales Corp. Wastes Engineering 
Hardinge Company, Ine. Water & Sewage Works 
Homestead Valve Manufacturing Com- Yeomans Brothers Company 
pany 


> 
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REGISTRATION INFORMATION 


Registration facilities will be located in the Fourth Floor Foyer at the en- 
trance to the exhibit area. The desk will be open for early arrivals on Sunday, 
October 10, until 5 P.M. On Monday, Tuesday, and Wednesday the desk will 
be open from 8:30 A.M. to 5 P.M., and on Thursday from 8:30 A.M. to noon. 

Men’s registration at $12.00 will include technical session privileges, the 
Family Night Entertainment on Monday, and the Annual Awards Dinner and 
Dance on Wednesday evening. In separate tickets the registration fee (required 
for attendance of technical sessions) is $6.00 and the Wednesday dinner and 
dance combination also is $6.00. 

Separate tickets will be sold for the Federation Luncheon on Tuesday at 
$3.00, and for the Wednesday afternoon Inspection Trip at $1.00. 

Ladies’ registration at $12.00 includes the Monday evening entertainment, 
the Wednesday evening Dinner and Dance, and all special events in the ladies’ 
program. 

Zarly registration—before 5 P.M. on Sunday—will avoid the rush on Mon- 
day morning and also allow a leisurely visit to the manufacturers’ exhibit. 


HOTEL ARRANGEMENTS 


A liberal allocation of rooms has been made by the Netherland Plaza Hotel 
for assignment to Federation members and guests. Reservations should be made 
early, however, to assure accommodations in the headquarters hotel. When all 
available rooms in the Netherland Plaza are committed, reservation requests 
will be referred to the nearby Terrace Plaza and to other first-class hotels. 
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Requests for reservations may be made on the forms provided with the ad- 
vance notice of the meeting sent in June to all Journal subscribers, or directly 
to the Netherland Plaza Hotel, Cincinnati, Ohio. 


LOCAL ARRANGEMENTS COMMITTEE 


The Local Arrangements Committee, under the general chairmanship of 
Arthur D. Caster, Principal Engineer in the Cincinnati Department of Public 
Works, is composed of the chairmen of the following sub-committees : 


Registration Committee: W. E. Conrad, chairman; C. E. Fisher, R. K. 
Horton, H. A. Lurie, J. E. Kinney, J. E. Richards, O. N. Cochran, and J. Frook. 

Finance Committee: J. Van Gelder, chairman; J. Crane, and D. M. Taylor. 

Entertainment Committee: T. Scott, chairman; J. C. Bumstead, and F. 
Farr, Jr. 

Ladies Entertainment Committee: C. H. Allen, chairman; Mrs. A. D. Caster, 
Mrs. C. H. Allen, Mrs. A. B. Backherms, Mrs. D. P. Backmeyer, Mrs. J. C. Bum- 
stead, Mrs. E. J. Cleary, Mrs. J. Crane, Mrs. F. H. Dobb, Mrs. W. G. Hamlin, 
Mrs. R. K. Horton, Mrs. J. E. Kinney, Mrs. H. P. Kramer, Mrs. H. A. Lurie, 
Mrs. H. H. Mace, Mrs. V. G. MacKenzie, Mrs. T. Scott, and Mrs. D. M. Taylor. 

Local Host Committee: A. B. Backherms, chairman; P. Haney, W. A. 
Moore, 8. J. Ludzack, F. M. Middleton, R. C. Kroner, R. G. Snapp, R. R. Weber, 
and D. Enright. 

Hotel Arrangements Committee: H. H. Mace, chairman; F. H. Dobb, S. W. 
Shafer, E. P. Baker, and G. Kirch. 

Inspection Trip Committee: H. P. Kramer and D. P. Backmeyer, co-chair- 
men: S. R. Weibel, A. E. Schwer, Jr., and H. C. Broge. 

Publicity (Local) Committee: E. J. Cleary, chairman; and W. G. Hamlin. 


DONALD P. SCHIESSWOHL JOINS STAFF 


The recently created position of as- 
sistant to the Federation’s Executive 
Secretary has been filled by the ap- 
pointment of Donald P. Schiesswohl, 
effective August 16, 1954. 

As a sanitary engineer with the 


Bureau of Sanitary Engineering, 
Florida State Board of Health, Mr. 


Schiesswohl’s duties were primarily in 
the field of sewage and_ industrial 
wastes. In coming with the Federa- 
tion headquarters staff he leaves the 
office of Secretary of the Florida Sew- 
age and Industrial Wastes Association, 
which he held for the past three years. 


He received the degree of Bachelor 
of Seience in Civil Engineering from 
the Ohio State University in 1943 and 
the Master of Science degree in Sani- 
tary Engineering from the University 
of Michigan in 1948. <A registered 
professional engineer, he holds mem- 
bership in the American Society of 
Civil Engineers and the Florida En- 
gineering Society. 

Mr. Schiesswohl will 
general executive administration of 
Federation affairs. He will also handle 
some Journal editorial duties, includ- 
ing the ‘Operators’ Corner.’’ 


assist in the 
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Reviews and Abstracts* 


Reducing Phenol Wastes from Coke 
Plants. Ohio River Valley Water Sani- 
tation Commission, Cincinnati, Ohio. 
36 pp. $1.00 (1953). 

This manual in the ORSANCO indus- 
trial waste treatment series describes a 
variety of coke plant process changes and 
treatment methods which have proven 
practical in handling phenol waste prob- 
lems. It also deseribes the sources, vol- 
umes, and concentrations of by-product 
coke wastes and methods for measuring 
phenols in industrial wastes. 


H. P. 


A Submersible Photoelectric Absorptiom- 
eter. By L. J. Scrace, R. Briaes, 
AND G. Know.es. Jour. Scientific In- 
struments, 31, 75 (Mar., 1954). 

The instrument described was developed 
to measure turbidity in rivers and com- 
prises a lamp and a 20-element barrier- 
layer photocell which are lowered in 
cylinders fitted with windows. A second 
photocell mounted with the lamp com- 
pensates automatically for variations in 
its brightness. Cables run to a simple 
vacuum-tube voltmeter at the surface; 
power is from an accumulator and a dry 
battery. The range is from 0.01 to 100 
per cent transmission, and readings can be 
made to a depth of 100 ft. The descrip- 
tion includes simple methods of making 
cable entries and windows watertight al- 
though demountable. H. P. OrRLAND 


The Ecology of Alamitos Bay, California, 
with Special Reference to Pollution. 
By Donaup J. RetsH anp Howarp A. 
Winter. Calif. Fish and Game, 40, 2, 
105 (Apr., 1954). 

In an extensive pollution survey of the 
local waters near San Diego, Calif., it was 
found that no conditions serious to fish and 
aquatic life exist in Alamitos Bay, al- 
though lumps of asphalt were observed at 


one station, near the oil fields, strong sulfide 
odor characterized two stations on a 
tributary arm, and a strong sulfide odor 
was noted at a station near a storm sewer 
outfall and above the tidal gates. No 
sludge beds were found in Alamitos Bay 
and there was no evidence of seepage of 
pollutants from the San Gabriel River into 
Alamitos Bay. The substratum of the 
Bay supports a rich and varied fauna, a 
knowledge of which should be of particular 
value in comparing this region with other 
Southern California harbors and bays that 
are affected by domestic and industrial 
waste discharges. H. P. 


The Results of Research on Citrus Proc- 
essing Waste Disposal. By J. W. 
WAKEFIELD. Proc. Fla. Hort. Soc., 66, 
246 (1954). 

The methods of treatment of citrus 
processing waste investigated included (a) 
high-rate trickling filter, (b) activated 
sludge, (c) spray irrigation, and (d) 
chemical flocculation with air flotation. 
The studies amply demonstrated that 
citrus waste can be treated without an un- 
usually large capital outlay. Use of high- 
rate filters has been studied to the point 
where satisfactory results can be predicted 
with reasonably conservative loadings 
(0.239 lb. B.O.D. per cu. ft. per day). 

The activated sludge process holds great 
promise but it is not possible to accurately 
predict the quantity of air needed or the 
type of secondary clarifier needed. It has 
been suggested that activated sludge fol- 
lowed by air flotation might be a good 
combination that would take advantage 
of the apparent lightness of the activated 
sludge floc. 

In both trickling filters and activated 
sludge it is indicated that nitrogen and 
phosphorus additions will be required, but 
the costs should not be prohibitive. 

The spray irrigation process is especi- 
ally attractive for plants located near cheap 


* Please send to Federation headquarters all periodicals, bulletins, special reports, etc., which 


might be suitable for abstracting in Tuts JouRNAL. 


Publications of public health departments, 


stream pollution control agencies, research organizations, and educational institutions are par- 


ticularly desired. 
325 Illinois Bldg., Champaign, III. 


Address such material: Federation of Sewage and Industrial Wastes Assns., 
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high dry land. However, a suitable cover 
crop that can withstand the low pH of 
citrus waste is needed. Automatic pH 
control will probably be necessary to pre- 
vent killing the cover crop during clean-up 
periods, but this same control also would 
be necessary with all the other methods. 
Chemical flocculation-air flotation treat- 
ment of citrus waste to remove solids did 
not prove successful to any surprising de- 
gree, although about 100 p.p.m. of lime 
were used for flocculation. 
H. P. OrLAND 


after Sand Filtration 


Eff 


Sewage added to effluent from 


5 


Control of Acid Drainage from Coal Mines. 
Pennsylvania Sanitary Water Board, 
Harrisburg, Pa. 28 pp. (1952). 

This booklet discusses the means of re- 
ducing the pollution of streams by coal 
mine drainage, mostly by prevention of 
acid production. The three acid-making 
elements (air, water, and sulfur-bearing 
materials) can be kept apart by (a) keeping 
the water out, (b) keeping the drainage 
moving, (c) segregating sulfuritic mater- 
ials, and (d) neutralizing acid pools. 
Methods of accomplishing these objectives 
are discussed in detail. H. P. OrLAND 


Eff. Quality 
4 No sand filtration. 


p.p.m 


Strength rate of flow. 


The Performance of Biological Filters in 
Johannesburg. By J. R. 
Pub. Health (S. Africa), 17, 367 (1953). 
From data obtained during actual oper- 

ation of all of the trickling filters at the 
various Johannesburg sewage treatment 
plants, it appears that, although vastly 
different sewages are treated at a number of 
different rates of flow, a common measure 
of the over-all loading and hence a measure 
of the performance of each group of filters 
may be found by use of an arbitrary “load 
unit.” This unit is the product of 
strength (oxygen absorbed from perman- 
ganate in 4 hr.) and dosage (gallons per 
cubie yard per day). 

Thus, for straightforward filtration on 
6-ft. deep filters a loading in excess of about 
10,000 load units (Table I) may be ex- 
pected to give a poorly nitrated effluent 
with low stability. 

On the other hand, dosing of filters with 
well-nitrated effluents, either from other 
units or by recirculation, is remarkably 
beneficial in treating to full nitrification 
and stability a greater volume of settled 
sewage than would otherwise be the case. 

H. P. OrLAND 
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Chloride 


TABLE I. 
Settled Sewage Feed to Filters 


2 Oxygen absorbed from permanganate in 4 hr. 


Klipspruit 


Bruma 


Cydna 
rs to give mixture shown for Group II filters. 


Imperial gallons. 


Loading 
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Standards for Discharges of Sewage and 
Industrial Wastes. By Louis Basrira, 
Jorge A. Picretti, AND JuAN A. 
Raaaio. Revista de Obras Sanitarias 
de la Nacion (Argentina), No. 155 
(Oct.-Dee., 1953). 


Definition of the physical and chemical 
characteristic limits is given for the per- 
missible discharge of industrial and sewage 
wastes. Recognition is given as to vari- 
ations that may be expected in special 
cases. Limits are given for discharges 
(a) into collecting sewers, (b) into storm 
sewers and their outfall units, and (ce) 
directly into watercourses. Waste char- 
acteristics defined for these discharges are 
given for temperature, pH, settleable 
solids (10 min.), settleable solids (2 hr.), 
B.O.D., oxygen consumed, and chlorine 
demand. Performance qualifications are 
also established for greases, oils, and for 
other foreign materials which may impede 
the proper function of sewers or sewage 
treatment works, produce odor problems, 
or which may otherwise cause nuisance, 
toxic risks, fire hazard, ete. The stand- 
ards have incorporated basic data used in 
daily practice by the National Sanitary 
Works agency of the Argentine govern- 
ment. L. D. Hupson 


Outfall Sewer for the City of San Francisco 
(Province of Cordoba). Revista de Obras 
Sanitarias de la Nacion (Argentina), 
No. 156 (Jan.-Feb., 1954). 
lingineering reasons are summarized for 

the construction of a 34.4-km. outfall 
sewer for the City of San Francisco. Con- 
struetion of this 0.7-m. diameter sewer was 
started January 27, 1954, to carry wastes 
from the sewage treatment plant for dis- 
charge into the existing San Antonio 
irrigation system. 

The outfall conduit is designed to serve 
an estimated future population in 1978 of 
57,500 inhabitants. The present urban 
population is 27,000. The decision to 
proceed with the long outfall was reached 
after an extensive study of land irrigation, 
absorption field, evaporation areas, and of 
the alternate watercourses. Use of the 
San Antonio irrigation system proved most 
advantageous; the portion of this irriga- 
tion system receiving the discharge will not 
be used for either direct land irrigation or 
for a source of domestic water consump- 
tion; the temporary discharge of untreated 
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sewage to the irrigation will not create 
insanitary conditions to the rural people; 
and utilization of the present drainage 
system will minimize maintenance ex- 
pense. L. D. Hupson 


Concerning the Main Drainage of London. 
By W. P. Wartow. Proc. Inst. Civ. 
Eng., 3, 356 (1954). 

This article reviews the history of 
London’s sewer system and its effect on 
pollution of the Thames River. Although 
chemical sedimentation of sewage was 
practiced from the 1880's on, it is no longer 
used. However, one-third of the settled 
sewage at the Northern Outfall works cur- 
rently undergoes activated sludge treat- 
ment. Sereenings are composted with 
household refuse and some of the sludge is 
digested, the residue being barged to sea. 

The area of 114,277 acres is drained 
mainly on the combined system, storm 
water being allowed for at the rate of } in. 
per hour. Considerable pumping is nec- 
essary. Perer C. G. Isaac 


Sewage Disposal Works Design—Pre- 
liminary Stages. By D. JoHNson. 
Jour. Inst. Mun. Eng., 80, 343 (1953-4). 
In dealing with the principles of sewage 

treatment the author covers (a) analysis 

of sewage and sewage effluents by the 

B.O.D., O.A., suspended solids, and rela- 

tive stability tests; (b) the quantity of 

domestic sewage and trade wastes; and 

(c) the rates of treatment based on the rec- 

ommendations of the Royal Commission 

on Sewage Disposal (1915). He also 
considers the design of screens, covering 
the use of comminutors and disintegrators. 

A theory of sedimentation is given, fol- 

lowed by its applications and general prac- 

tice in the design ef grit channels and 
sedimentation basins. 

Appendices give (a) typical sewage 
analyses; (b) the required effluent dilution 
calculated from the B.O.D. test and a pro- 
posed standard for effluents; (¢) factors 
for estimating the quantity of trade 
wastes; and (d) the settling velocity of 
particles. R. N. 


A Method of Simplifying Soil Percolation 
Tests for Septic Tank Systems. By A. 
GELPERIN AND W. O. Futter. Pub. 
Health Rep., 68, 693 (1953). 


This is essentially a description of an 
automatic soil percolation timer of simple 
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construction that depends on a float- 
actuated clock mechanism. 


An Investigation of the Performance of 
Six Small Septic Tanks. By I. R. 
BAUMANN AND H. E. Bassirr. Bull. 
Series No. 409, Univ. of Illinois Eng. 
Experiment Sta. (1953). 


To evaluate the performance of six steel 
septic tanks, simultaneous tests were con- 
ducted with retention periods varying be- 
tween 6 and 48 hr. Tank effluents were 
analyzed for suspended and settleable 
solids, as a measure of the tank’s ability to 
remove solid materials from the liquid. 
Tests also were made for volatile solids and 
B.O.D. as a measure of the tank’s ability 
to reduce the polluting power of the 
effluent. Table II contains generally de- 
scriptive material on the tanks investi- 
gated. 

General conclusions have been drawn 
from the tests as follows: 


1. The Imhoff-type septic tanks provide 
the best removal of settleable and sus- 
pended solids. 

2. The ordinary septic tanks utilizing 
the disturbed digesting solids for seeding 
provide the best reduction in the tank 
effluent B.O.D. and turbidity. 

3. Gas deflection baffles are effective in 
the prevention of tank unloading and in 
the reduction of the normal carry-over of 
solids into the effluent. 

1. Influent deflection baffles are essen- 
tial in order to provide a high percentage of 
experimental detention time compared to 
theoretical detention time. 

5. A tank utilizing both gas-disturbed 
particles for seeding and a gas-protected 


Size 


(in.) 
I 513 dia. X 60 deep 
II 55 X 60 oval & 76} long 
III 274 X 60 oval X 93 long 
IV 36 108 60 deep 
( 


5 
173 dia. X 50 deep 
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TABLE II.—General Description of Septic Tanks Tested 


September, 1954 


sedimentation chamber for the prevention 
of solids carry-over, should be the most 
effective septic tank for ordinary installa- 
tions. 

6. Imhoff-type tanks should use at least 
one-third of the tank capacity for the flow- 
ing-through chamber. 

With respect to the design of the six 
septic tanks utilized in this study the fol- 
lowing conclusions were drawn: 

7. Tank I, if provided with an effluent 
gas deflection baffle, should provide eco- 
nomical and effective operation in most 
small installations. 

8. Tank IT gave unsatisfactory treat- 
ment due to its insufficient retention period 
and sludge storage space. 

9. Tank III provided very effective 
performance for short periods, but con- 
tains too little sludge storage space for 
general use. The sludge storage space, 
now 20 per cent of the total, should be in- 
creased to at least 40 to 45 per cent with a 
reduction of the waste or scum space. 

10. Tank IV provided an unsatisfactory 
effluent. The effectiveness of tanks IIT 
and V indicates that they should be used in 
preference to tank IV. 

11. Tank V provided the best operating 
tank for general installation, but should be 
provided with an influent baffle. In all 
probability, the effectiveness of the tank 
would not be impaired if it were reduced to 
a two-compartment tank equipped with 


gas-protected sedimentation chambers. 


The vertical baffle of the gas-protected 
chamber should be extended to at least 4 
in. above the liquid surface to prevent 
solids passing over the top of the baffle. 
12. Tank VI produced a poor effluent 
and should not be utilized as a septic tank. 
ORLAND 


gal.) | 

4170 Single compartment 

765 Imhoff, two compartments 

511 Imhoff, two compartments 

810 | Two compartments, series 
1,080 Three compartments, series 

340 | Single compartment 


Tank No |- — 
VI 
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Farmington, Mo. 


Sewage Disposal Plant uses... 


The sewage treatment plant at Farm- 
ington, Missouri includes a number of 
Walker Process units. 

Tractor Drive Circular Collector 
mechanisms are installed in both the 
44’ diameter primary and 38’ diameter 
final settling tanks. These rugged units 
feature a unique simplified tractor ar- 
rangement, providing rotational force 
at the tank periphery. 

A four-arm 10” H Rotoseal rotary 
distributor delivers 1570 gpm over the 
120’ filter bed. A mechanical Neoprene 
seal and large cast bronze lower thrust 
bearing add to the trouble-free opera- 
tion of this unit. 

The 39’ diameter Floating Cover on 


Rotoseal Rotary Distributor 
Tractor Drive Circular Collectors 


Floating Cover and HeatX for Digester 


the digester is designed so that no truss 
or frame work protrudes above the 
tank. Constant gas pressure is main- 
tained. Ballast and counter weights are 
suspended below the cover as positive 
prevention against overturning. 

The Walker Process HeatX accom- 
plishes sludge heating outside the di- 
gester. This self contained unit includes 
control panel, burner, hot water tube 
boiler and shell, and tube exchanger. 
It operates on natural and sewage gas. 

c Iting Engi 


: Charles A. Haskins 
Kansas City, Mo. 
Frank Zimmer 


Otha Parker 


Superintendent: 
Chief Operator: 


Engineering and manufacturing a complete line of 
water, waste and sewage treatment equipment. 
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Proceedings of Member Associations 


KANSAS SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 
The Kansas Sewage and Industrial 
Wastes Association held its 1954 An- 
nual Meeting in the Broadview Hotel, 
Emporia, Kans., on April 7-9, 1954, 
in conjunction with the Kansas See- 
tion, AWWA. Registration totaled 

219, including 35 ladies. 

Papers were presented as follows: 

‘Flush Tank Elimination,’’ a panel 
discussion (see THIS JOURNAL, 26, 7, 
923 (July, 1954). 

‘*Methods of Sludge Disposal,’ a 
panel discussion. 

**Solving the Grit Removal 
lem,’’ a panel discussion. 

‘*Petroleum Refinery 
ment,’’ by Gordon E. 


Prob- 


Waste 
Mau, 


Treat- 
IKXansas 


State Board of Health, Lawrence. 

‘*Basis of Changing from One-Stage 
to Two-Stage Digestion,’’ by E. Weath- 
erford, Chemist, Mission Twp., Main 
Sewer District No. 1. 

‘*Digester Control at Wichita,’’ by 
V. Pickering, Chemist, Sewage Treat- 
ment Plant, Wichita. 

“Oil and Silt Traps,’’ by A. J. Jef- 
feris, City Engineer, Ottawa. 

Officers were elected as follows: 
Chairman: L. Cunningham, Parsons. 
Vice-Chairman: L. Beyer, McPherson. 
FSIWA Director: M. Nelson, Mission. 
Secretary-Treasurer: H. 

Wichita. 


Hess, 


Ropert H. Hess, 
Secretary-Treasurer 


(Continued on page 366a) 


SNOW GATES 


for 


SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular opening in sizes up 
to and including 72 inches. 

ALL SNOW GATES and Lifts are ‘ Parker- 


ized”’ for protection against rust and corro- 
sion. 


Over 40 years continuous service to the in- 
dustry. 


We will be pleased to quote on any type of 
water controlling equipment. 


SNOW Gates & VALVES 


2437 East 24th Street Los Angeles 54, Calif. 
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AN INTEGRATED PRODUCER 
IS A SUPPLIER 
YOU CAN RELY UPON 


Ore and Coal Mines 


Coke Ovens 


United States Pipe and Foundry Company is a 
wholly integrated producer of cast iron pressure 
pipe—from our mines and blast furnaces to our 
strategically located pipe plants. 

This should be of major interest to a pipe buyer 
since it means: (1) complete independence of action 
in supplying your needs as we produce our own raw 
materials, (2) greater assurance of continuity of 
service at all times, and (3) undivided control of 
quality at every step in pipe production from the 
ground up. 

In addition to being able to control the quality of 
pipe-making raw materials at their sources, our 
Quality Control of pipe production gives further 
assurance to customers that the quality level of 
U. S. Cast Tron Pipe 

is injexcess of standard 

specifications. Our pipe 

is produced to our own 

quality control speci- 

fications, more exact- 

ing than the established 2 
specifications under cast 1r3on 
which cast iron pipe is 

normally purchased. 


FOR WATER GAS. SEWERAGE 
AND INDUSTRIAL SERVICE 


U. S. PIPE COMPANY 


GENERAL OFFICES: BIRMINGHAM 2, ALABAMA 


A wholly integrated producer . . . from 
mines and blast furnaces to finished pipe. 


Blast Furnaces Pipe Plants 
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ALABAMA WATER AND 
SEWAGE ASSOCIATION 


The 1954 Annual Meeting of the Ala- 
bama Water and Sewage Association 
was held June 7—9, 1954 at the Alabama 
Polytechnic Institute, Auburn, Ala., in 
conjunction with the 9th Annual Short 
Course School. <A total of 125 persons 
registered. 

Arthur N. Beck, Chief Sanitary En- 
gineer, Alabama State Dept. of Health 
was nominated to receive the Federa- 
tion’s Bedell Award. 

Officers were elected as follows: 


President: C, Lamon, Prichard. 
Vice-President: C. L. Gray, Birming- 
ham. 
FSIWA Director: J. L. 
Montgomery. 
Treasurer: L. Hubbs, University. 
Secretary: W. L. Samuel, Auburn. 
W. L. SAMUEL, 
Secretary 


Crockett, Jr., 
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RECTANGULAR CLARIFIERS 


SEWAGE AND INDUSTRIAL WASTES 


HARDINGE WATER, SEWAGE, TRADE-WASTE EQUIPMENT 


VIRGINIA INDUSTRIAL 
WASTES AND SEWAGE 
WORKS ASSOCIATION 


The 8th Annual Meeting of the Vir- 
gvinia Industrial Wastes and Sewage 
Works Association was held at the 
Stonewall Jackson Hotel, Staunton, 
Va., May 20-21, 1954. Registration for 
the meeting totaled 137, including 26 
ladies. 

Papers were presented as follows: 

*‘Licensing of Water and Sewage 
Plant Superintendents in New Jer- 
sey,’’ by Louis J. Fontenelli, Superin- 
tendent, Rahway Valley Sewage Treat- 
ment Plant, Garwood, N. J. 

“Use of Aquatic Organisms as a 
Measure of Stream Conditioning,’’ by 
R. Patrick, Curator of Limnology, 
Academy of Natural Sciences of Phila- 
delphia, Pa. 

‘*Pollution Abatement Program at 


(Continued on page 368a) 


AUTOMATIC BACKWASH FILTERS 


HYDRO-CLASSIFIERS 


Write for Bulletin AH-442-16 
See our exhibit, Booth 57, at the F.S.ILW.A. Show, Netherland Plaza Hotel, 


Cincinnati, October 11-14 


HARDINGE 


COMPANY, 


YORE. PENNSYLVANIA 
New York - 


Toronto 


Chicago 


240 Arch St. 


Hibbing + Houston 


INCORPORATED: 


Main Office and Works 
* Salt Lake City 


* Sav Francisco 
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When ground water infiltration is a problem... 


Always 


Murray City, UTAH, 
has installed 22,975 feet | 
of Clay Pipe in this 
high-water-table area. 
The project is under the 
direction of City Engi- 
neers D. H. Wood and 
J. N. Neff. General con- 
tractor is the Statewide 
Plumbing & Heating Co. ; 


Wherever the water table is high, sanitary engineers 
experienced in handling infiltration problems choose 
Vitrified Clay Pipe. The wide selection of factory-made 
joints or in-the-trench jointing techniques permit the 
kind of installation that suits each project. 


Officials at Murray City specified Clay Pipe even before 
they submitted the bond issue to the voters — smart 
planning that assures the community trouble-free serv- 
ice long after the bonds mature, because Clay Pipe is 
guaranteed for 50 years. For sewers that must be 
permanent, always specify Vitrified Clay Pipe. 


NATIONAL CLAY PIPE MANUFACTURERS, INC. 
1520 18th St. N. W., Washington 6, D. C. 


206 Connally Bldg., Atlanta 3, Ga. fg, 
100 N. LaSalle St.. Rm. 2100, Chicago 2, Ill. 


703 Ninth & Hill Bldg., Los Angeles 15, Calif. ; x 


311 High Long Bldg., 5 E. Long St., Columbus 15, Ohio 


C-454-2A 
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TNEMEC 
PRIMERS 
KILL 
RUST! 


From acid (rust) 
condition to alkaline 
(NON-RUST) condition 


in one easy step with 


TNEMEC PRIMERS! 


HOW? 


TNEMEC CATALOG 54 
TELLS THE STORY! 


A request on your business letter- 
head will bring 
useful Catalog 54 


<NEMEC 


SOATING 


Nec COMPANY, 


TNEMEC 


TEE-NEE’-MEK 


“Spell It Backwards” 


« 


TNEMEC COMPANY, INC. 


135 Ww. 23rd Ave., North Kansas City, Mo. 
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| Crompton-Shenandoah Company,’’ by 
D. Snyder, Plant Chemist, Waynes- 
boro, Va. 
‘*Deterioration of Sewers and Strue- 
| tures Caused by Hydrogen Sulfide, 
Acids, and other Corrosive Materials,’’ 
panel diseussion. 


Inspection trips were made to the 
Rockingham poultry packing plant, 
| Stuart’s brewery, and the Crompton- 
Shenandoah Co., Waynesboro. 
The following officers were elected : 


President: F. H. Miller, Norfolk. 
Vice-President: Lh. R. Albert, Hope- 
well. 
Secretary-Treasurer: J. 
Jr., Richmond. 
J. L. Hamrick, JR., 
Secretary-Treasurer 


Hamrick, 


MONTANA SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The 10th Annual Meeting of the 
Montana Sewage and Industrial Wastes 
Association was held at the Baxter 
Hotel, Bozeman, Mont., on April 22, 
1954. Registration for the meeting to- 

| taled 55. 


Papers presented were as follows: 


by W. J. Wen- 


zel, Consulting Engineer, Great Falls, 


**Sewage Lagoons,’ 


and (. W. Brinek, Montana State 
| Board of Health, Helena. 
‘Operation of Primary Sewage 


| Treatment Plants,’’ by D. L. Anderson, 
Superintendent of Sewage Treatment, 
Bozeman, and M. F. Dixon, Superin- 
tendent of Water Purification, Billings. 


Officers were elected as follows: 


| 


| Chairman: D. L. Anderson, Bozeman. 
| Vice-Chairman: M. F. Dixon, Billings. 
| FSIWA Director (to 1956): F. F. Pal- 
| mer, Forsythe. 
Secretary-Treasurer: H. W. 
Helena. 

Harvey W. Tay.or, 
Necretary-Treasurer 


Taylor, 


| 
| 


SEWAGE AND INDUSTRIAL WASTES 


An 8 ft. dia. Spiragester, 9 ft. dia. trickling filter and an 
8 ft. dia. hoppered bottom final Spiraflo Clarifier. All 
three units are of steel construction, for an Industrial 
Waste Treatment Plant. 


Two 45 ft. dia. Primary Spiraflo Clarifiers at Troy, Ohio. 
Note the clean surfaces. Floating materials are caught 
behind the skirt. 


LAKESIDE ENGINEERING CORPORATION 


222 West Adams Street Chicago 6, Illinois 
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Equipment and Supply Lines 


Valve Operators—Air motors for 
operating various valves and other 
equipment are described in Bulletin 
414-1.—Minneapolis-Honeywell Regu- 
lator Co., Philadelphia 44, Pa. 

Butterfly Valves—Bulletin 1701 de- 
scribes air-operated butterfly valves 
for flow control.—Minneapolis-Honey- 
well Regulator Co., Philadelphia 44, 

Sampler—Trebler samplers for sew- 
age, industrial wastes, or other liquids, 
with or without time-clock control, are 
described in Bulletin 131.—Lakeside 
Engineering Corp 
Chicago 6, Il. 

Concrete Pressure Sewer Pipe— 
New 4-page folder describes and gives 
specifications on steel and rubber joint 
conerete pressure sewer pipe.—Price 
Brothers Co., 1932 E. Monument Ave., 
Dayton 1, Ohio. 

Fluid Flow Meter—A new device 
known as the Dall Flow Tube meters 
fluids carrying no settleable solids.— 
Builders-Providenee, Inc., 345 Harris 
Ave., Providence 1, R. I. 

Treatment Equipment—Bulletin AH 
442 describes equipment and typical 
flow diagrams for treatment of water, 
sewage, and industrial wastes —Hard- 
inge Co., Ine., 240 Arch St., York, Pa. 

Lubricated Plug Valves—8-page 
brochure describes all types and sizes 
of lubricated plug valves for light-and 
heavy-duty service—American Car 
and Foundry Co., 1501 E. Ferry Ave., 
Detroit 11, Mich. 

Portable Generator—Engine-driven 
electric generator plant provides both 
electrical and belt-driven power simul- 
taneously from portable unit—Lynn 
Engineering & Supply Co., Russ Bldg., 
San Francisco 4, Calif. 

Dual-Fuel Engines—New 36-page 
Bulletin S—500—-B57 describes dual- 
fuel engines and accessories, together 
with examples of applications, case his- 


tories, and vital statistics —Worthing- 
ton Corp., Harrison, N. J. 

Pump Sequence Controls—Auto- 
matie pump sequence control systems 
for multiple pump installations are de- 
scribed in Catalog 91-106.—Fischer & 
Porter Co., Hatboro, Pa. 

Flow Regulator—Catalog 
describes a new self-contained flow 
regulating device for clean gas-free 
liquids.—Fischer & Porter Co., Hat- 
boro, Pa. 

Sewage Plant Engines—Bulletin 
WP-1099-B3 contains design, selec- 
tion, and application information on 
dual-fuel, spark ignition, and diesel en- 
gines for sewage plant use. The bulle- 
tin also compressors, vacuum 
pumps, centrifugal and rotary pumps, 
and equipment for handling raw sew- 
age, effluent, and sludge—Worthing- 
ton Corp., Harrison, N. J. 

Pipe Laying Instructions—15-page 
handbook gives detailed illustrated in- 
structions for laying concrete pressure 
pipe.—Price Brothers Co., 1932 East 
Monument Ave., Dayton 1, Ohio. 

Chlorinator—A new  dual-orifice 
chlorinator with feed ranges up to 100 
to 1 has a maximum capacity of 1,000 
lb. per 24 hr.—Wallace & Tiernan, Inc., 
Selleville 9, N. J. 

Centrifugal Pumps—Bulletin W- 
318-S27 describes two-stage centrifu- 
gal pumps for pressures up to 400 p.s.i. 
and capacities up to 1,300 g.p.m— 
Worthington Corp., Harrison, N. J. 

D. O. Analyzer—New dissolved oxy- 
gen analyzer of amperometric type is 
not subject to the usual interferences 
of the Winkler test—Dorber Co., 7741 
W. Palatine Ave., Chicago 31, Ill. 

Nylon Filter Cloth—A new spun 
nylon filter cloth has important non- 
blinding properties on continuous fil- 
tration applications.—Filtration Fab- 
rics Div., Filtration Engineers, Ince., 
155 Oraton St., Newark 4, N. J. 
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One of 6 Everdur screens made by Caisson Wells, Inc., ready to go 
in the ground. The wells have an effective diameter of 16 feet. 


Durable well screens made of Everdur 
feature modern N. J. water system 


Corrosion-resistant Everdur* was 


used for the screens in the 6 caisson 
wells that supplement the water 
supply of Manville, N. J. Everdur— 


the ideal material for well screens— 
was a big factor in permitting the 
use of this type of water system. 


Made of %4-inch-thick Everdur plate, cir- 
cular screens are 18 inches high, having 
%-inch oblong perforations. Total open 
area is about 37%. 


Caisson Wells, Inc., of New York 
City, did the job. Jordan S. Asketh 
of this company conducted the ex- 
ploratory work. Wallace M. Graves, 
Consulting Engineer, Bound Brook, 
N. J., was in charge. Edward Pur- 
zicki was Waterworks Superintend- 
ent. 

It’s easy to fabricate Everdur 
Copper-Silicon Alloys into light- 
weight, built-up assemblies. Everdur 
may be worked hot or cold .. . may 
be welded, machined, forged, or 
cast. For well screens, Everdur is 
available in plates, tubes, special 
shape wires and rods. 

Write for Publication DM 5120 
describing Everdur Alloys and ap- 
plications in detail. The American 
Brass Company, Waterbury 20, 
Conn. In Canada: Anaconda Amer- 
ican Brass Ltd., New Toronto, Ont. 

*Reg. U. S. Pat. Off. 64131 


EVERDUR 


ANACONDA 


COPPER-SILICON ALLOYS 
Strong @ Weldable e Workable 
Corrosion-Resistant 
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DIRECTORY OF ENGINEERS 


(Continued through page 377a) 


ALBRIGHT & FRIEL, INC. 
FRANCIS S. FRIEL 
Consulting Engineers 
WATER, SEWAGE AND INDUSTRIAL 
WASTE PROBLEMS 
AIRFIELDS, REFUSE INCINERATORS 
INDUSTRIAL BUILDINGS 
CITY PLANNING VALUATIONS 
REPORTS LABORATORY 


Suite 1509-18 
121 S. Broad St. PHILADELPHIA 7 


ALVORD, BURDICK & HOWSON 
Engineers 
Charles B. Burdick Louis R. Howson 
Donald H. Maxwell 
Water Works, Water Purification, 
Flood Relief, Sewerage, Sewage 
Disposal, Drainaxe, Appraisals, 
Power Generation 
Civie Opera Building Chicago 


ANDERSON - NICHOLS 
AND COMPANY 
Consulting Engineers 
Water Supply, Distribution and Treatment, In- 
dustrial Waste Treatment, Sewage Collection and 
Disposal, Refuse Collection and Disposal, Drain- 
age, Highways and Bridges 


Boston 14, Mass. 
New York 36, N.Y. Concord, N. H. Baltimore, Md. 


JOHN J. BAFFA 
Consulting Engineer 


Sewerage & Sewage Treatment 
Industrial Wastes Treatment 
Design Plans & Specifications 
Investigations & Rate Studies 


75 West Street New York 6, N. Y. 


MICHAEL BAKER, JR., Inc. 
The Baker Engineers 
Civil Engineers, Planners, and Surveyors 
Municipal Engineers —Atrport Design —Sewage Disposal 
Systems-—Water Works Design and Operation—-Surveys 
and Maps —City Planning—Highway Design—Construc- 
tion Surveys —Pipe Line Surveys 
Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. 


BAXTER AND WOODMAN 
Civil and Sanitary Engineers 


Water Supplies 
Sewer Systems 


Water Treatment 
Sewage Treatment 
Industrial Waste Treatment 

Investigations 


Pr. O. Box 67 Crystal Lake, Illinois 


BLACK & VEATCH 


Consulting Engineers 


SEWAGE - WATER 


ELECTRICITY - INDUSTRY 


Reports, Design, Supervision of Construction 
Investigations, Valuation and Rates 


4706 Broadway 


Kansas City 2, Missouri 


W. H. & L. D. BETZ 
Consulting Engineers 


Industrial Waste 
Industrial Water 
Analysis Design 
Investigations 


Gillingham & Worth Sts. 


Operation 


Philadelphia 24, Pa. 


CLINTON L. BOGERT ASSOCIATES 
Consulting Engineers 

CLINTON L. BoGERT Ivan L. BoGERT 

J. M. M. Greig Rovert A. LINCOLN 

DONALD M. DiTMARS ARTHUR P. ACKERMAN 
Water and Sewage Works 

Refuse Disposal Industrial Wastes 

Drainage Flood Control 


624 Madison Ave., New York 22, N. ¥. 


Take advantage of the services of these outstanding consultants! 


372a 

: 

¥ 


SEWAGE AND INDUSTRIAL WASTES 


373a 


BOWE, ALBERTSON & ASSOCIATES 


Engineers 


Sewerage —Sewage Treatment 
Water Supply — Purification 
Refuse Disposal— Analyses 

Municipal —Industrial Projects 

Valuations —Reports - Designs 


110 William Street New York 7, N. Y. 


BROWN AND BLAUVELT 
Consulting Engineers 


Water Supply Airports 

Sewer Systems Highways 

Sewage Disposal Plants Industrial Buildings 
Industrial Wastes Problems Railroads 


468 Fourth Avenue New York 16, N. ¥. 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
(FORMERLY NICHOLAS S. HILL ASSOCIATES) 
Specializing in Sewerage and Sewage Disposal, 

Water Supply and Water Purification, 
Valuations and Reports 
Chemical and Biol 1 Laboratories 
112 East 19th Street New York 3, N. Y. 


BURGESS & NIPLE 
Civil and Sanitary Engineers 
Established 1908 


Sewage and industrial wastes disposal 
Investigations, reports, design, rates 
Laboratories, Plant Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


BURNS & McDONNELL 


Consulting and Designing Engineers 


Kansas City 2, Mo. 
P.O. Box 7088 


Cleveland 14, Ohio 
1404 E. 9th St. 


ONLY $60 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 
Research and Development 
Flood Control 


6 Beacon St. Boston 8, Mass. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 
Designs and Surveys Roads and Streets 

Planning Airports 
Bridges Dams 
Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants—Incineration—Gas Systems 

Valuations—Rates—Management 

Laboratory—City Planning 


210 E. Park Way, Pittsburgh 12, Pensa. 


CHAS. W. COLE & SON 
Engineers ~ Architects 
Municipal Industrial 

Commercial 
220 W. LaSalle St., South Bend, Ind. 
Phone 4-0127 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply —Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 


351 East Ohio St. Ghicago 11, Ill. 


Your firm should be 
listed here 


... the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


It pays to secure competent and experienced engineering advice! 
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Damon & Foster 


Consulting Ctrtl Engineers and 
Surveyors 
Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


FREDERICK H. DECHANT 
ENGINEER 


Chairman of the Board, Frederic R. Harris Inc. 
Water Works, Industrial Wastes, 
Sewerage, Recovery Processes, 
Hydraulic Works, Gas Plants 
Philadelphia: Fidelity Phila. Trust Bldg. 
New York: 27 William St. 


DE LEUW, CATHER & COMPANY 


Water Supply 
Railroads 


Sewerage 
Highways 


Grade Separation—Bridges—Subways 
Local Transportation 


Investigations — Reports — Appraisals 
Plans and Supervision of Construction 


150 North Wacker Drive 
505 Colorado Bldg. 


Chicago 6 
Washington 5 


CONSULTING ENGINEERS! 


If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 


Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


CATHODIC PROTECTION 


FAY, SPOFFORD & THORNDIKE 
ENGINEERS 


JOHN AYER RALPH W. HoRNE 
Brion A. BOWMAN WILLIAM L. HYLANpD 


Engineering—Surveys—Design— CARROLL A. FARWELL FRANK L. LINCOLN 


Installation 


Electro Rust-Proofing Corp. (N.J.) 


Belleville 9, New Jersey 


Howarp J. WILLIAMS 
Water Supply and Distribution—Drainage 
Sewerage and Sewage Treatment 
Airports—Bridges—Turnpikes 


Port and Terminal Works—Industrial Bldgs. 


BOSTON NEW YORK 


FINKBEINER, PETTIS & STROUT 


CarLeTon 8. Finksetner Cuarves E. Pettis 
Harovp K. Strout 
Consulting Engineers 
Reports, Designs, Supervision, 
Water Supply, Water Treatment, Sewerage, 
Sewage Treatment, Wastes Treatment 
Valuations & Appraisals 


518 Jefferson Avenue Toledo 4, Ohio 


FREESE, NICHOLS AND TURNER 
Consulting Engineers 


2111 C & I Life Building 
Houston 2, Texas 


CH-1624 


FROMHERZ ENGINEERS 
Structural - Civil - Sanitary 
Four Generations Since 1867 

Water Supply; Sewerage; Structures; 

Drainage; Foundations 
Industrial Waste Disposal 

Investigations; Reports; Plans and 

Specifications ; Supervision 


823 1/2 Poydras St. New Orleans, La. 


Your firm should be 
listed here 


. the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat- 
ment. 


EDWARD A. FULTON 
Consulting Engineers 


Investigations, Reports, Valuations, De- 
sign and Construction—Water Supply and 
Purification Plants; Sewerage and Sew 
age Treatment Works; Municipal Paving 
and Power Developments; Dams and 
Flood Control 


3209 Brown Road Saint Louis 14, Missoari 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Dams, Water Works, Sewage, Industrial Wastes & Gar- 
bage Disposal, Highways, Bridges & Airports, Traffic & 
Parking—Appraisals, Investigations & Reports. 
HARRISBURG, PENNA. 

Branch Offices: Pittsburgh, Pa. Philadel- 
phia, Pa. Daytona Beach, Fla. Pleasant- 
ville, N. J. Chesapeake, W. Va. 


Take advantage of the services 


of these outstanding consultants! 
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GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


New York 607 Washington St. Washington 
Houston READING, PA. Philadelphia 


GLACE AND GLACE 
Consulting Sanitary Engineers 


Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes Disposal 


Design, Construction and Supervision 


of Operation 
1001 N. Front Street Harrisburg, Pa. 


GREELEY & HANSEN 


Engineers 
Samuel A. Greeley Paul Hansen ( +" 1944) 
Paul E. Langdon Kenneth V. Hill 
Thomas M. Niles Samuel M. t larke 


Water Supply, Water Purification 
Flood Control, Drainage, Refuse Disposal 
Sewerage, Sewage Treatment 


220 S. State Street, Chicago 4 


ONLY $60 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


HASKINS, RIDDLE & SHARP 
Consulting Engineers 
Water Sewage 
Industrial Wastes 
Refuse Hydraulics 


1009 Baltimore Ave. Kansas City 5, Mo. 


HAVENS AND EMERSON 
Cc. A. Emerson 
A. A. Burger F. C. Tolles F. W. Jones 
H. H. Moseley J. W.Avery F.S. Palocsay 
E. 8. Ordway 
Consulting Engineers 
WATER, SEWERAGE, GARBAGE, INDUSTRIAL 
WASTES, VALUATIONS—LABORATORIES 
Leader Bldg. Woolworth Bidg. 
Cleveland 14, O. New York 7, N. Y. 


HAZEN AND SAWYER 
ENGINEERS 
Ricuarp Hazen Aurrep W. Sawyer 


Municipal and Industrial Water Supply 
Purification and Distribution 
Sewage Works and Waste Disposal 

Investigations, Design 
Supervision of Construction ‘Operation 


110 East 42nd Street New York 17, N. ¥. 


HENNINGSON, DURHAM 
& RICHARDSON, INC. 


cities and towns 


Water Works, mate and Power, Sewers, Sewage 
Treatment, Reports, Flood Control, Appraisals, 
Drainage 


Standard Oil Bldg. Omaha 2, Nebraska 


HORNER & SHIFRIN 


Consulting Engineers 
W. W. HorNER > BLoss 
H. SHIFRIN . LISCHER 
Sewerage and Sewage Treatment — 
Water Supply — Municipal Engineering 
— Reports 


Shell Building, St. Louis 3, Missouri 


JONES, HENRY & WILLIAMS 
Consulting Sanitary Engineers 
Water Works 
Sewerage & Treatment 
Waste Disposal 
Security Bldg. Toledo 4, Ohio 


KEIS & HOLROYD 


Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 
and Purification, Sewe and 
Sewage Treatment, Garbage and eee 
Disposal and Incineration, Industrial 
Buildings. 


TROY, N. Y. FT. LAUDERDALE, FLA. 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 
offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design 
Supervision of Construction and 
Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION ST., SAN FRANCISCO 5 


It pays to secure competent and experienced engineering advice! 
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1312 Park Bldg. 


MORRIS KNOWLES Inc. 
Engineers 
Water Supply and Purification, Sewer 


age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


Pittsburgh 22, Pa. 


Wm. S. Lozier Co. 

Consulting Engineers 

Sewerage, Sewage Disposal, 

Water Supply, Water Puri- 
fication, Refuse Disposal 

10 Gibbs Street 


Rochester, 4, N. Y. 


Water Supply 


GEORGE B. MEBUS 


Consulting Engineer 


Sewage Treatment 


Industrial Waste Treatment 


NORTHWESTERN NATIONAL BANK BUILDING 
GLENSIDE, 


PA. 


CONSULTING ENGINEERS! 
If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 


in the Directory of Engineers contained 
in the... 


Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


METCALF & EDDY 


Engineers 


Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 
Laboratory 


Valuations 


Airfields 


Statler Building 
Boston 16 


Nussbaumer, Clarke & Velzy, Inc. 


Consulting Engineers 
SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION—DRAINAGE 
INDUSTRIAL WASTE TREATMENT 

APPRAISALS 
327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. ¥. 


Industrial Waste 


PARSONS, BRINCKERHOFF 
HALL MACDONALD 
G. Gale Dixon, Associate 
Civil and Sanitary Engineers 
Water, Sewage, Drainage and 


Problems. 


Structures Power 


51 Broadway 


New York 6, N.Y. 


Transportation 


PIATT AND DAVIS 


WM. M. PIATT P. D. DAVIS 
Consulting, Designing, and Supervising Engineers 


Water Works, Sanitary Sewers, Water Purification 
Sewage Treatment, Public Buildings, Streets 
Power Plants, Electrical Distribution 
Reports and Appraisals 


One Eleven Corcoran St. Bidg. Durham, N. C. 


MALCOLM PIRNIE ENGINEERS 


Civil and Sanitary Engineers 


Malcolm Pirnie 


Robert D. Mitcheil Carl A. Arenander 
Malcolm Pirnie, Jr. 
Investigations, Reports, Plans 
Supervision of Construction 
and Operations 
Appraisals and Rates 


2S West 43rd Street 


Ernest W. Whitlock 


New York 36, N. Y. 


ONLY $60 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; Investigations 
& Reports; Design; Supervision of 


36 De Grasse St. 


LEE T. PURCELL 


Consulting Engineer 


Construction & Operation 
Analytical Laboratories 


Paterson 1, N. J. 


THOMAS M. RIDDICK 
Consulting Engineers and Chemists 


Municipal and Industrial Water Purification, 
Sewage Treatment Plant Supervision, 
Industrial Waste Treatment 
Laboratories for Chemical and Bacteriological 
Analyses 


369 E. 149th St. New York 55, N.Y. 


Take advantage of the services of these outstanding consultants! 


SEWAGE AND INDUSTRIAL WASTES 


RIPPLE AND HOWE 
Consulting Engineers 
O. J. Rippte B. V. Howe 
Appraisals—Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 
833-35 Twenty-Third St. Denver 5, Colorado 


RUSSELL AND AXON 
Consulting Engineers 
Civil — Sanitary — Structural 
Industrial — Electrical 
Rate Investigations 
408 Olive St., Municipal Airport 
St. Louls 2, Mo. Daytona Beach, Fla. 


SMITH and GILLESPIE 


Consulting Engineers 


All types of | 
Municipal Public Works & 
Utilities 
Complete Services 


P. O. Box 1048, Jacksonville, Fla. 


STANLEY ENGINEERING COMPANY 


Sewerage— Waterworks 
Drainage—Flood Control 
Electric Power—Airports 


Hershey Building 
Muscatine, Ia. 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 
Water Supply—Sewerage—Waste Disposal 
Bridges—Highways—Industrial Buildings 
Studies—Surveys—Reports 


209 S. High St. Columbus 15, Ohio 


Your firm should be 
listed here 


. the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


J. STEPHEN WATKINS 
J. S. WatTKINS . R. Watkins 
CONSULTING 


Municipal and Industrial Engineering, Water 

Supply and Purification, Sewerage and Sewage 

Treatment, Highways and Structures, Reports, 

Investigations and Rate Structures. 

251 East High Street Lexington, Kentucky 
Branch Office 

901 Hoffman Building Louisville, Kentucky 


WERTZ ENGINEERING CO., Inc. 
CONSULTANTS, DESIGNERS & 
CONSTRUCTORS 
Water Supply & Purification 
Sewage & Industrial Waste Treatment 
Stream Pollution Studies 
Chemical & Bact. Laboratory Service 


411 North 2nd St. Reading, Pa. 


WESTCOTT & MAPES, Inc. 
Engineers 


VALUATIONS—STU DIES—REPORTS 
DESIGN—SUPERVISION 


Industrial Waste Problems 
Utilities—Industrial Plants 
Commercial Buildings—Institutions 

Public Works 


New Haven, Connecticut 


WESTON & SAMPSON 


Consulting Engineers 
Water Supply Water Purification 
Corrosion Control 
Sewerage, Sewage and Industrial 

Wastes Treatment 

Stream Pollution Studies 

Supervision, Valuation 

Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 
Sewerage, Sewage Disposal, Municipal and In- 
dustrial Development Problems, Water Supply, 
Water Purification, Water Front Improvements, 
Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 


Civil — Sanitary — Structural 
Mechanical — Electrical 


Reports, Plans Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 


It pays to secure competent and experienced engineering advice! 
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Four-plant, 154 MGD project in- 
cludes PFT “Controlled Digestion” 


Leading an 8-state drive for modern 
sewage disposal in the Ohio River 
Valley, Cincinnati recently completed 
the first of 4 sewage treatment plants 
to serve the entire metropolitan area. 
Their splendid new system has en- 
couraged other Ohio River municipal- 
ities in this great clean-up program! 


Called ‘“‘Little Miami,” the new 29 
MGD plant adopted the following 
items for PFT ‘‘Controlled Digestion’’: 


(1) PFT Floating Covers in the four 
65’ digesters for positive scum sub- 
mergence, safe utilization of gas and 
simplified operation. 


(2) Four PFT Cover Position Indi- 
cators to record the liquid level in each 
digester. 


FourNo.750PFT Heater & Heat Exchanger Units 


SEWAGE AND INDUSTRIAL WASTES 


“Little Miami” — first of 4 new sewage treatment plants for Cincinnati's metropolitan area 


Cincinnati leads Ohio River clean-up program 


NEW YORK LOS ANGELES SAN FRANCISCO + CHARLOTTE,.N.C. 


(3) Four PFT Supernatant Selectors 
for automatic, continuous withdrawal 
of the best digester liquor, along with 
PFT Gauge, Sight-Glass and Sampler 
units. 


(4) Four PFT No. 750 Heater & 
Heat Exchanger units to keep digesters 
at optimum temperatures of 90°-95° F. 
Fired by sludge gas or oil, these units 
cut fuel costs by utilizing all sludge gas 
available, automatically changing to 
oil as necessary. In addition to sludge 
heating, these units provide heat for 
the digester control building. 


Little Miami will be followed by the 
120 MGD Mill Creek plant, the largest 
of the group. PFT has already received 
extensive orders for ““Controlled Diges- 
tion”’ equipment in the huge new plant 
including 12 PFT 110’ diameter Float- 
ing Covers with PFT Aluminum Prefab- 
ricated Roof Decks, and PFT Pearth 
Gas Recirculation Equipment and 23 
PFT External Heat Exchanger Units. 


Havens & Emerson, 
Consulting Engineers, 


of plants by Cleveland, Ohio 


waste treatment equipment 
exclusively since 1893 


PACIFIC FLUSH TANK CO. 
4241 Ravenswood Avenue 
Chicago 13, Illinois 


* JACKSONVILLE + DENVER 
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| FSIWA Convention 


NEW 
TREATMENT ? 


You'll Find the Answer at Booths 17 and 18 
at the FSIWA Convention in Cincinnati... 


Be sure to visit booths 17 and 18 during the Cincinnati FSIWA 
Convention. On display will be two new Dorr developments . . . useful 
tools that you’ll want to know more about. 


First — The Dorrco Densludge Process which reduces sewage sludge 
volume up to 50%, cuts digester requirements, simplifies sludge 
handling and eliminates digester supernatant. 

Second — A new dual purpose unit for small plants which combines 
in the same tank effective grit removal followed by primary sedimenta- 
tion in a standard Dorr Clarifier. 

And of course our staff will be on hand to discuss the complete Dorr 
line of equipment covering practically every step in every sewage 
er flowsheet. Make a note now to visit the Dorr booth in 


‘WORLD - WIDE RESEARCH + ENGINEERING + EQUIPMENT 
THE DORR COMPANY © ENGINEERS © STAMFORD, COND. 
Offices, Associoted Componies or Rep tives in principe! cities ef the werld. 
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POLLUTED 
NO FISHING 
NO SWIMMINs WHATS YOUR PLANT 


DOING ABOUT 
Stream Pollution? 


There’s plenty that can be done to improve streams, 
restore recreational areas and multiply usable water sources. 
Sometimes it takes new or additional treatment works 
... but many, many cases caw be solved or greatly 
improved with adequate effluent chlorination. 


W&T offers the engineer and progressive sewage 

plant operator the tools to economically and effectively 
aid in the nation’s pollution abatement program. 

These tools consist of a full line of chlorinators, chemical, 
feeding equipment and controls—over forty years of 
experience—and a field service staff to handle promptly 
all installation and equipment maintenance problems. 


— types of rate and program control, are helpful 
in many other plant problems, too—such as. 

grease removal, filter ponding prevention and septicity 
reduction, to mention just a. few. 


Why not start your community on the road to clean 
streams? Your W&T Representative will be glad to help, 
without obligation, of course. 


WALLACE & TIERNAN 


25 MAIN ST BELLEVILLE 9. N. J. 


)}W&T Chliorinators, with manual, semi-automatic or various 
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